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"To the” Right Honourable” 2 "et 
6 1 api R * . 
Lord Viſcount TORRINGTON, 


Firſt Lord Co MISSTONER of the 
Admiralty . | ; ts 


My Cad. 


*. 


e 8 a Treatiſe on Numbers could no 
8 A 2 where have been ſo properly ad- 
N 3 dreſſed as to that eminent Maſter 
* che of Figures the Rt. Honourable 
Sir Robert Walpole, Firſt Lord Commiſſioner 
of the Treaſury, WhO has done my Arith- 


metick in Epiteme the Honour of his Patro- 


nage; nor a Collection of Mathematical Tratts 
on the Principles of Military ArchiteFure, 
&c. laid ſo rightly/as at the Feet of his 
Grace the Duke of Argyle, Maſter-General 
of the Ordnance, who has likewiſe had 
the Goodneſs to accept it: So Your Lord- 


ſhip will, I hope, excuſe my Ambition in 


Dedicating this Part of the Work, which 
regards the Marine, and contains an At- 
tempt tawards a. Rationale on the Practical 


Part EY 


7 


- DEDICATION. 


Part of Navigation, to Your Lordſhip, wha! 
with ſuch. deſerved Honour, preſide in the 
Naval Affairs of Great-Britain. 
It is a peculiar Happineſs to a Writer, 
when his Work fo naturally points out its 
Patron; and the Author of theſe Tracts, 
more fortunate in that reſpe& in his Tranſ- 
lation, than in his Original, will (if living) 
rejoice to ſee his Performance honour'd with 
the Eminent Names of the Duke of Argyle 


and Your Lordſhip. 1 
1 have no Plea, as a Stranger, for this 0 
Addreſs, but the Aptneſs of the Subject, | © 
which I hope will excuſe, both to Your 2 
Lordſhip, and the World, this Freſum 1 
tion of, ö SL 
My Lon, 
Your Lord 
ſhip's 0 


Mo 2 Obedi ent, and 
Map Humble Servant, 19. 
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USE of the GLOBES. 


ESE, is enge Ein Body? 4 


It 
255 
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upon the ſurface whereof are drawn 

certain circles and figures, repreſenting - 

the movement and diſpoſition of the 
ME bodies; or the My and extent OW 
the earth and water, 


F 
: 


There are three forts of f ſpheres. 
1. The Cerleſtial; for the ftars, &e. 1 
2. The Terreſtrial, for the earth and ſeas.” 


| 
F 
} 
? 
1 3. The Armillary, which bas 2 both 'Y 
che one and other. 
a | 
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N. B. 1 whit Alles; e intelli W, 
: the Reader ſhould DOVE: an NI ere 
before him. > "1 11 

- Suppoſition and Definitions! © „ 

+ The heavens appear like the 11 ine 
f a globe, whole center is the middle of the 
Vox. Ih | B TP earth . 
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| earth; and which continually turning round upon 
two of its points diametrically oppoſite to each 


other, carries about with it the ſtars and planets, 


which ſeem fix'd therein; making them every day 
deſcribe circles, which have the ſaid. points for their 


— b3EEL] : e 
2. The two points upon which the heavens thus 
turn, are called, The Poles of the World. That 
which is viſible to us in Europe, is the north, or 
artick pole; the other the ſouth, or antartick: 


The ſtraight line paſſing from the one pole to the 


other, is called, The Axis of the World. And the 
circles which the ſtars every day ſeem to deſcribe, 
are named, The Parallels of each ſtar. Eyery 


fifteen degrees of theſe circles, make an hour of 


3. Some of theſe heavenly bodies ſenſibly change 


their places in the heavens, and thoſe we call 


Planets. And the circle which theſe ſtars de- 
ſcribe by their particular movement in thus chan- 


ging their places, is called, The Ecliptick. Thoſe 


ſtars which do not ſenſibly change their places in 
the heavens, are called Fiæed Stars. For the bet- 
ter recollection of the ſeveral fixed ſtars, they are 
reduced to certain figures, called Con/tellatzans ; 
the twelve principal of which, are thoſe which 
give names to the twelve diviſions of the ecliptick, 


and are called, The twelve Signs of the Zodiact. 


; bY A body is ſaid to deſcend, when it approaches 
towards the center of the earth ; but when it re- 


cedes from it, and becomes more diſtant, it is ſaid 
to aſcend. A line is ſaid to be plumb or right 


to the earth, when being prolonged it would pals 
OG ͤ _—__ 


* 


m. 4 &t + oe > £©A 


through its center as AC. A line is 


| 
F ſaid to be horizontal, when it is perpen- Fig. r. 
, dicular to ſuch a.plumb or right line ass 

7 DE; and when a line makes an acute angle with 

r a plumb line as CF, it is then ſaid to be inclined. 

; 5. In whatever place of the earth we are, we 
may ſenſibly perceive one half of the heavens ; and 

it may eaſily imagine a circle dividing that part which | 

Jy we ſee, from the other which we do not ſee; and 


fuch circle is called, The Horizon; the middle 
point of the viſible part of the heavens (which is 
directly over our heads) is called, The Zenith ; 
and the middle point of the inviſible part (which 
y is directly under our feet) is called, The Nadir 
of And as theſe two points anſwer in every place to 
a line plumb or perpendicular to the earth, there 
are therefore as many different zeniths and nadirs, _ 


ge and conſequently horizons as there are different 
all pon upon the earth. For example, if 3 a 
le- ſtand at the point A, my zenith will be Fig. 2. 


the point in the heavens C, my nadir F. 
and my horizon the circle BD. But if I am at 
the point K, my horizon will be HI, my zenith 
G, and my nadir L. „ | 
6. We call it Day, when the fun is in that pat 
of the heavens which we ſee; but when it is in | 
the other part inviſible to us, we call it Night. In 
the ſame manner we call that part of the parallel 
which is deſcribed by any ftar in the viſible part 
of the heavens, its diurnal Arch; the remaining 
part of the parallel is called its nacturnal Arch. 
That little glimmering of light which appears de- 
fore or after day, we call the Twilight or Crepuſcle. 
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Of the Armillary Sphere. . 


x. An Armillary ſphere 15 compoſed of ten open 1 


circles, with a little ball or button in 


Fig. 3. the middle, anſwering to the center of 


ttce earth, ſupported by a ſmall wire re- 
preſenting the axis of the worde. 


2. There are ſix great circles, and four ſmall 
ones ; the great ones are, the Horizon, the Meri- 
ae, the Zodiack, and the two. 


dian, the | 
Colures. 


HORI 2 ON. 


of the heavens viſible to us, from the 

Fig. 4. other part which we do not ſee. But 
there being as many different horizons. 
as there are different places, the horizon of the 


ſphere is therefore made moveable“. This circle 


is divided into 32 equal parts, anſwerable to the 


32 points of the mariner's compaſs, the 4 chief 


of which are the north, or that point of the ho- 
rizon anſwering to the north-pole; the ſouth, 


anſwering to the ſouth-pole; the eaſt, or that 


point of the horizon where the ſun riſes, when 
the days and nights are equal; and the weſt, 
| 5 OS V 


Or rather, it ſhould be ſaid, the ſphere is contriv'd. 


to turn within this circle. The ſame thing is to be 


| underſtood in the next paragraph, with regard to the 


meridian. 
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| The Horizon is a great circle, dividing that part 
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which is that point where the ſun ſets ben the 
days and nights are equal. The middle points 
betwixt any two of theſe principal ones, take 
their names from thoſe two they are between, as 
the north-eaſt is the middle point between the 
north and eaſt, The fame is alſo to be underſtood 
of the other diviſions, for we call that point the + 
north-north-eaſt which is between the north and 
the north-eaſt, Sc. And thus names are given o 
the 32 points of the horizon. The horizon is 
again divided into 360 degrees, vhich laſt Hit 
is alſo applied to the three following circles of the 
ſphere, The horizon ſerves to ſhew the riſing and 
ſetting of the heavenly bodies, the length of the 


days and nights, and the courſe of the Wie -. 
yon of the compaſs. | 1 5 


u 2 1 14 


The Meridian is u great circle paſſing thro” the 
two poles of the world, and through the 5 
zenith and nadir points of each — At. 3. 
It is made moveable in the ſphere, to the 
end it may repreſent the different — of the 
feveral countries, This circle chiefly ſerves, 1. To 
divide the diurnal and nocturnal arches into two | / 
equal parts, ſo that when the fun is in the meridian, 
it is then mid-day or mid-night. 2. To mark the 
meridian height of the ftars, which is an arch of 
the ſaid circle, comprehended between the ſtar and 
the horizon. 3, To ſhew the latitude of every 
country, which is that arch of the meridian com- 
prehended between the horizon of the country and 
the pole; or that arch of the ſaid circle included 
betwixt the zenith of the place and the equatorz - - 
of which. We.now ma eee 
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The Equator is a great circle equally diſtant from 
5 the two poles of the world. It has divers 
Fig. 6. uſes, 1. When the ſun is in the equator 
I the days and nights are equal every 
where, except under the poles. 2. The equator. 
is the boundary from whence we begin to meaſure 
the latitude of places, and the declination of the 
heavenly bodies: For as the latitude of a country 
is that arch of the meridian contain'd between the 
equator and the zenith of the place; ſo the decli- 
nation of a ſtar is alſo that arch of the meridian 
included between the equator and the ſtar. If the 
b zenith of a country is between the equator and 
: _ the north- pole, its latitude is north; but if between 
the ſouth-pole and the equator, its latitude is ſouth ; 
the ſame is to be underſtood of declination, 3. On 
. the. equator is reckon'd the longitude of places, 
and the right aſcenſion. of the heavenly bodies: 
For the longitude of a country is the arch of 
the equator between the meridian of ſuch place, 
.and the place. through -which the firſt meridian 
Is accounted to paſs (which: with us is London, 
or the pike of Teneriff, and with the French 
the ifle de Fer) and the right aſcenſion . of a 
ſtar is alſo the arch of the equator, between the 
. firſt degree of Aries, and the meridian paſſing 
through the ſaid ſtar. 1 0 . 
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_ - © Note,” Both longitude and right aſcenſion are 
reckoned from weſt to eaſt. 4. The circles daily 
: deſcribed by the heavenly bodies, being apparently 
parallel to the equator, time is therefore meaſured 

by the degrees of the equator, 15 of which are 
* | a equal 


5 1 
un EE 
equal to an hour, and conſequently the whole 360 
2 HAK. Künne 
T1 he Zodiack is a broad circle 16 degrees wide, 


through the middle of which runs the 


ecliptick of the ſun, or that great circle - Fig. 647 


which the ſun ' deſcribes yearly, as it 

changes its place in the heavens ; by its particular 
movement. The ecliptick cuts the equator in two 
points, called the Equinoxes, making therewith an 
angle of 23* 29 which is the greateſt declination 


of the ſun, "The ecliptick and zodiack are di- 


vided into 12 equal parts, called Signs; beginning 
from the firſt equinoQtial point, or firſt degree of 


Aries, and proceeding from weſt to eaſt, They 


| have the names and figures following, viz, Aries , 
Taurus 8, Gemini u, Cancer , Leo M, Virgo m, 
Libra , Scorpio m, Sagittarius , Capricornus 
, Aquarius , Piſces c. The particular day 


olf each month upon which the ſun enters each 


ſign, is alſo added: Laſtly, each fign is divided 
into 30 degrees, and the ſun running _— very 
near a degree every day from welt to eaſt, is a 
little more than 365 days in paſting through the 
Won os ft oe 1 


'CoLURES 


The colures are two particular meridians, one 
of which paſſing through the equinoRial points 
of the ecliptick, is called the Eguinoctial Calurs e 


The other, paſſing through the two points of the 


ecliptick, which are fartheſt diſtant from the 


equator, is called the So//licial Golure, They 


12 cut 


Eo 1 


. f 

Eut the equator into 4 equal parts, which make the 
4 ſeaſons, wiz. 1. The ſpring, or that part of the 
ecliptick between the firſt point of Aries and the 
laſt of Gemini. 2. Ihe ſummer, or that part of 
the ecliptick between the laſt point of G mini and 
the firſt of Libra. 3. The autumn, or that part 
of the ecliptick between the firſt point of Libra 
and the laſt of Sagittarius. 4. The winter, or 
that part of the e between the laſt point of 
Sagittarius and the firſt of Aries. "FIG 

3. There are alſo 4 lefler circles, viz. the two 
tropicks, and the two polar circles. The tropicks 
are the ſun's moſt diſtant parallels from the equa- 
tor; that toward the north is called the Tropick of 
Cancer; and that toward the ſouth, the Tropicl 
of Capricorn, The polar circles are alſo parallel 
to the equator, and paſs through the poles of the 
ecliptick ; one is called the Artict, or North polar 
3 z the other Antariich, or South polar 


TY P R o p. II. | 
N 07 the Cœlzſtia! Globe, 5 
1. The Cœleſtial ſphere is furniſhed with the 


ſeveral circles before deſcribed, viz. the horizon, 
meridian, equator, the ecliptick of the ſun, the two 
colures, the tropicks, and the polar circles. 


2. Through the poles of the world and the di- 

viſions of the equator, are drawn circles at every 
10 or 15 degrees, which are called Circles ef Right 
Aſcenſion. And through the diviſions of the me- 
Tidian, at every 10 degrees, are alſo drawn cireles 
PI EN + a. parallel 


** 
4 


FAS EY 
MES TE: 


» \ - - 4 


parallel to the equator, called Circles of De- 


clination. 


3. In the ſame manner, through the diviſions, 
f us through the poles of the ecliptick at every 
10 degrees, are alſo drawn circles, to which we 
give the name of Circles of Aſtronomical Longitude - 
And Jaftly, through the diviſions of the ſolſtitial 
colure at every 10 degrees, are drawn circles pa- 
rallel to the ecliptick, and called Circles of Afiro- . 
nomical Latitude. a and” 


/ OT ts 


2 4. Every ſtar is placed in the interſection of its 
f right aſcenſion and its declination ; for example, 
7 to find the bright ſtar of Aries, whoſe right aſcen- : 
1 ſion is 27* 35 and its declination 22* 1' N. place | 
10 the moveable meridian upon 275 35 of the equator, 
3 and that point of the globe anſwering to 22 1% 
* the meridian, betwixt the equator and the north. _ 
1 pole, is the place of the ſaid ſtar; and fo of al 
the . = e N 
PRO P. III. „ | 
O thi Terreſtrial Globe, . ' 
Ny 1. The terreſtrial globe is alſo provided: with · 
NO. à moveable horizon and meridian ; and the equator, 
| ecliptick, the tropicks, and the polar circles, in 
like manner too at every 10 degrees, circles are 
d drawn Parallel: to the equator, which are called- 
ery Parallels of Latitude; and alſo through _-.. 
oht poles, and through every 10 degrees of the equa- 
1es tor, other circles which are called Circles of Lon 
Nes gitudt, N > KO OD i 5 
llek B. 5 8 Note, 3 


\ 


7 


Note, Theſe circles of longitude are more com- 
monly drawn through every 15 degrees of ihe 
equator. | E., > * 2.7 

2. Every country is laid down in the interſection 

of its proper longitude and latitude. Thus to find 
the pike of Teneriſt, whoſe longitude (if the firſt 

meridian be ſuppoſed to paſs through London). is 
26® 31', and its latitude 38? 32', bring the move- 
able meridian to 26* 31' of the equator, and eount- 
ing on the meridian from the equator northwards 
38 32 under that point will be found the pike 
of Teneriff. Or, if London were the place you 
look for, whoſe longitude is of and latitude 51 
32 bring the moveable meridian to the firſt point 
of the equator, and 51 32' on the meridian gives 
you the place of Zoxdon on the globe. Thus 
knowing the longitude and latitude, any place on 
the globe may be eaſily found, Hereafter the 
manner of finding both the one and the other ſhall 
be ſhewn, | Bs | 


3. The terreſtrial globe may be placed in three 
different ſituations. 1. If the equator is perpen- 
dicular to the horizon, we call it a right ſphere, 

2. If the equator is inclined to the horizon, we 
call it an oblique ſphere. 3. If the equator is pa- 
rallel to the horizon, we call it a parallel ſphere, 
The people who live under the line, that is, who 
*Hhave their zenith in the equator, have their ſphere 
right: Thoſe that dwell under either of the poles 
(if there be inhabitants there) have their ſphere 
parallel. All the reft- of the world have theit 
— oy 


4- When 


Fun 


4 When the ſphere i is right the horizon i 


all the parallels of the ſun's declination into two 
equal parts, and conſequently the days are all equal 


to the nights. But when the ſphere. is oblique, 


the horizon cuts thoſe parallels into two unequal 
parts, and therefore the days are longer than the 
nights in ſummer, and ſhorter in winter. Whereas, 
the ſphere being parallel,” the horizon does not cut 
the parallels, but one half being above, and the 
other half below, cauſes ſix months day, and ſix 
months night, to thoſe: who have the e in 
ſuch a ſituation. 


35 "Undin the equator the longeſt days ar are * 
12 hours, and the ſarther diſtant we go from it, 
the longer their days are in ſummer, ſo that under 
the polar circles the longeſt day is 24 hours, and 


- approaching ſtill nearer to the poles, we find one 
month, two months, three months of day-light, 


till at the poles 2 ny come to rr 
months. . | 


1 


6. The 1 leſſer circles of the pbere Uivids it 


into five parts, called Zones, viz. two frigid, which 


are between the poles and the polar circles; two : 
_ temperate, between the polar circles and the 


tropicks ; and one e betwixt the two 
ere 


15 The northern and ſouthern beraifplierss are 
each divided into 3o climates. We call a climate 


ſuch a portion of the globe lying between two 
parallels of latitude, as has a month of day-light 


more than another, in the two frigid zones; or 


bart an hour in the other zones. There are Heres 
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fore 
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the polar circles; becauſe there are 12 hours of 


farther on. 
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ſelf diſcover the moſt part of the uſes of the ſphere 


braſs meridian fronvthe pole to the horizon. 


* 
\ 3 
. 


ES 


fore 24 climates betwixt the equator and either of. 


day-light difference : And there are 6 climates be- 
twixt each of the polar circles and its pole, becauſe | 
there are 6 months of day-light difference. 


8. There is annexed to the globe, a moveable 
quadrant, called, The Quadrant of Altitude, to 
repreſent the 2zimuths, and the almicantures.. 
The azimuths are great circles paſſing through the 
diviſions and poles of the horizon. The almi- 
cantures are circles parallel to the horizon, The 
uſe both of the one and the other ſhall be eu | 


* 
, 


Pro r. Iv. 5 1 


of the Uſe of the Sphore. 
Since we intelligent reader will eaſily of bis 


I ſhall here only ſet down a few, which may ſerve | 
to open the way for the reſt. 
To render the problems on the globes the more 
eaſy, onone of the poles is placed a circle, divided 
into 24 hours, with an index fixed upon the end 
of the axis; ſo that in turning about the globe, the 
index will paſs over all the hours. 


_ —_— — — FF 


1. Set the globe to the elevation of the count 


| 2 u are in, that is, raiſe the pole according to the 


titude of the place, counting the degrees on the 


k 2. Obſerve upon the ecliptick the ſun's place, 
and 9 it e the meridian, Then will that 
2 ; * 


— 


1 a, ww 


1 


point of the ecliptick ſhew upon the merivian the- 
declination of the ſun ; and the meridian will ſhew 
upon the equator its right aſcenſion. Before you 
move the globe for the following operations, ſet 
the index of the hour circle to the upper 12. 


. 3. Bring the ſun's place in the ecliptick to che 
eaſt part of the horiaon, and the index of the hour 
circle will ſhew the hour of the ſun's riſing for that 
day; then moving the ſaid point of the « ecliptick 

to the weſtern part of the horizon, the index will 
| point to the hour of the ſun's ſetting, 


4. Having taken the heighth of the ſun WR 
noon, and fixed the quadrant of altitude on the 
zenith point; bring the ſun's place in the ecliptick 
to coincide with the quadrant of altitude, on the 
eaſtern ſide of the globe, then will the index ſhew 
the hour of the day, and the quadrant will mark 
the ſun's azimuth on the horizon. The ſame may 


be done on the weſt ſide of the globe for the after- 
noon. 


* 


4, 8 found the hor hk" of the fun with: 
a compals, there fix the quadrant of altitude, and 
bringing the ſun's place in the ecliptick to the 
quadrant, the ſame point of the ecliptick will ſhew: 
the ſun's height on e and che a 
will ſhew the hour. ; 


6. The fg things may bs done with the other: 
heavenly bodies, whoſe places you know; and many 
other curioſities ; as to determine the whole ſitua- 
tion of the heavens for any given limes the nn 
and ſetting of all the ac 7 N | 


22 0 . | 


* MB 
| PR o r. V. | 
Of the Sphere in Plano. 


1. The orthographic projection of the ſbtiers i in 
plano is the ſhadow of the ſeveral circles of an ar- 
millary ſphere upon the plane of the meridian, 9 | 
by rays perpendicular to that plane. 


4. Itis evident that if the circle ADC be en- 
18 lightned with rays perpendicular to it, 
Fig. 8. the ſhadow of any other circle as ABC, 
perpendicular to it will be their common 
ſection AC. From whence it follows, that in the 
ſphere in plano, all the circles which are perpen- 
dicular to the meridian are projected into right lines: 
Thus the equator, ecliptick, horizon, and all the 
circles parallel to theſe are right lines * the 
ec of the meridian. | | 


( 
3. It is alſo evident, that each point of the 
ſhadow AC, anſwers to each point of t 

Fig. 8. the circle ABC by a perpendicular line 1 
AC. From whence it follows, that to f 

know the number of degrees between the point A 2 
and the point F of the ſhadow of a 7 

Fig. 9. circle AB, the ſemi- circle AGB, muſt n 
be deſcribed upon AB, and the perpen- a 
dicular FG be drawn, fo will the arch AG give I li 
the degrees of its ſhadow AF. p 


4. In the ſame manner, to divide the ſhadow 2 
of a circle AG into equal parts, draw k. 

Fig. 10. over it a ſemi-circle, and dividing it into de 
equal parts, from every diviſion let fall I ,, 


rpendiculars upon AG. 
pe Pay: 5 The 


| | 2D ww =” — 
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5. The other circles of the globe muſt be ex- 
preſſed by ellipſes; but I forbear to demonſtrate 
that here, becauſe it is not neceflary to the follow- 
ing problems, which are ſufficient for our preſens. 
deſign. e : 


— 


PoE „„ 
To projet the Sphere in Plano. 


Prepare the meridian ABF with its diviſions + 
and let the points GF be the poles f 
the world; the line AB will be the Zig. 11. 
equator, and making the arch AC 2332 


29, CED will be the ecliptick. CH, DH, will 


de the tropicks, and LN the polar circles ; ſup- 
poſing FL and GL each 23˙ 29%. Fartlier, hav- 
ing divided the ecliptick DEC into 6 parts, of 
which each muſt be 30® ; draw through the points 
of the diviſions the lines parallel to the equator; 
which will repreſent the ſigns. Laſtly, divide 
the equator AEB into. 12 parts, each of which 
muſt be 15, and through each point of the divi- 
fions, and the two poles, draw the ſeveral ellipſes, 
and you will have the 'hour-circles G NF. 
There ſhould alſo be placed on the center E, a 
moveable ruler to repreſent the horizon, divided 
as above deſcribed ; there ſhould alſo be another 
little ruler, fo placed upon this, as always to ſtand 
perpendicular to it. The figure will make all 
plain. The uſe of this ſphere is too eaſy, to 
require farther explanation. It is ſufficient to 
know, that it ſerves to find the amplitudes, the 
declination, the hour, the right aſcenſion and azi- 
muth of the ſun, as we are going to explain it in a 
5 . manner 
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ax . 


manner the moſt univerſal, and which does not 
require the apparatus of an aſtrolabe, rulers, and 
ether machines, too troubleſome for carriage. 


E% 3 
4 


4 


* K 1 38 F 
PROBLEM II. | 


To deſerite upon the Sphere in Plano, the 
f Parallels f a. Day, given. 


Having determined AB. to repreſent 
Fig. 12, the equator, and CD the ecliptick ; 
draw EH perpendicular to the ecliptick 


Cb, and the point H will be the place of the ſun 


en the 20th of arch N. S. Take then from H 


upwards towards C, as many times 30 degrees 
as there are months paſt, from the aoth of 
March to the day given; and alſo as many degrees 


as there are days above the months, and you will 
kave the point of the ecliptick anſwering. to the 
day given: For example, ſuppoſe the 23d of 14a 

was the day given, take 63 degroes from H to I, 
which will 3 the place of the ſun on the 23d of 


| May - From the point I draw IL perpendicular to 


the ecliptick CD, and through the point L, draw 
MN. parallel to the equator, and you have the 


parallel of the given day; that is to ſay, the 


adow of the circle which the ſun will deſcribs 
that day. 2 8 5 


Note, For greater exactneſs, you may obſerve 


the day the ſun enters into each ſign, and count a 
degree for each day only therefrom. 
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7 R O R L E 1 III. TH 
To find the Declination of the du. un. 


Having laid down the parallel of the day MN, 
meaſure with a graduated ſemi-circle, 


the arch A M, or the angle AEM, Fig. 12. 


which is the ſun's 2 for the 


day given. SIE = Ke = 


Pp ROBLEM IV. 
To find the Right 2 of the . 


After having found the point L for the siven 
day; the ellipſis FLG will cut tze 
equator in the point O, and OE will Fig. 1 £4 


be the diſtance of the ſun at its neareſt 
approach to the equinox E; and as LR contains. 


the ſame number of degrees as OE, muſt = 


find the number of degrees in LR (See Fig. 9.) to 


bave the d iſtanee of the ſun at its neareſt approach 
to the equinox, which will be the right aſcenſion. 
of the ſun during the ſpring, and its ſupplement 
during the ſummer; but during the autumn, you. 


muſt add 180, and ſubtract it from 360 
during the winter, to find the fun's right Fig. 14. 
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PROBLEM V. 


7 find the Point of the Horizon where"the Sun at 
riſing or ſetting will be, at any Day or Place given. 


After having found the parallel MN, 


- Fig. T5. for the given day; take AH the com- 


plement of the latitude of the place, 

and the line HEL will be the horizon of the 

place; whoſe interſection with the parallel at the 

point R will-be the point ſought, The degrees 

between R and E will be the diſtance of the ſun 

from the true eaſt or weſt points of the world. 
This diſtance is called the eaſtern amplitude, with 
regard to the riſing; and the weſtern amplitude, 
with regard to the ſetting of the ſun. 8 


P 1 0 8 L E M VI. | 
To find the Hour of the Surt's riſing and ſattings 


In the foregoing figure the line RN will give 
the degrees of” ap Chen 5 which the ſun — 
through from midnight at N, to its riſing at R. 
In the ſame manner the line MR will give the 
degrees the ſun has run through from its midday 
point M, to its ſetting. at R. Divide then the 
number of thoſe degrees by 15, and you have the 
hours from midnight to the ſun's riſing, and from 
nopn to its ſetting. ; | | 


P o- 


R 0. 


line OD parallel to the 


which may be diſcovered a general method of re- 
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P an. VII. „ e 


The Hei 5375 of the Sun 1 let, ro ED 4. 
Hour and Azimuth of the Place given. | 


Refanke the foregoing figure, and add to it the 
orizon HL, 
ſo that the arches HO and LD, will Fig. 16. 


be the height of the ſun: Fhen Wil! 


OD be the almicanture of the ſun, and cutting 


the parallel of the ſun in the point Va will give 


VN for the hours ſince . midnight; VM for the 
hours ſince noon. . In the ſame manner. VO. will 
give the degrees of the almicanture between the 
ſun and the meridian, or the angle of the ſun's 


azimuth with the meridian, 


8 „ C 
R E N A R = | 


A very little reflection upon what has been laid : 
down, will: render the demonſtration eaſy ; and 
help to find out many other ſuch like problems, by 


ſolving ſpherical triangles, with only ne a * | 
of compaſſes, and a protractor. 120 | 
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NAVIGATIONSE 
2} | del 
he 


4ATAVIGATION is a ſcience, by which 
7 we learn to conduct a fhip upon the ie 
eie and ae. 
Me ſay nothing of the terms * ſince the perſons 
for whom this work is intended, will learn them 
much eaſier from pract ice than by books, 
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Of the Inflruments ifi in Mtvigation, 


| 1 would be proper the reader mould have Hin 
J inftruments deſcribed, before him, when I 
reads what ohe ;ỹ eee 202.0008 


85 Px o 
— — 
* Tho' the author (incending this part of his wor 
only for the uſe of ſea-faring people) has given no ex 
plication of ſea- terms and phraſes, yet being defirousto 
make the following Trat intelligible tothoſe likewile 
who are unacquainted with the ſea-language ; I haveWun 
annexed to the tranſlation, an alphabetical explanation 


of the ſeveral terms and phraſes therein made uſe of 
which. I doubt not will be acceptable. 5 


7 21 * 
Pap 1. 55 7 | 5 | jos, 

1 rument s for ting eight wii „ 
o uf | pond Zine 


It has been Ain n chat this 5 
Pe a {tar above the horizon, is an arch of bac 1 
| or an azimuth circle, comprehended . . | 
etween ſuch ftar and the horizon. Thus Fig. 1. 
ee height of the ſtar A, above the hori- 
on CB, is the arch AB, or hows merges! of the 85 
fea ngle ADB. 1 - 


on 1. The height therefore of the ſtar A may be 
enn 3 with a quadrant or ſemicircle divided into 
esrees: That is to ſay, having diſpos d the inſtru- 
ent in ſuch manner upon its foot, that the plum - 
et may play freely upon the limb, died the 
guts towards the ſtar A, and the N line will 
ve the height of the ſtar, or angle ADB. 


2. In the fame manner an aftrolabe, may be 

ade uſe of, which is a graduated ,. | 
cle, whoſe diviſions begin from the © Ex. 2. 

dint D. It is to be ſuſpe nded b 8 
e point A, then will 5 * weight 2 keep. the . 
ne AB vertical, and the line TD. horizontal. 
ſpon the center E, a moveable ruler. with 

o ſights is contrived to turn, which, being diese 
ng „ 
. . ©» . 


— 


3 The ring! AB. is F EN 
ument; becauſe its diviſions are more . 3. ; 


knguiſhable, "BRALE? is a hole PRES Fs 
= 


© 


— nd een, —— 
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r 
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Ta) 


6p" in the point C, and as it is ſuſpended bj 
the point A, the weight B renders the line A 


and its parallel CD vertical, and the line CE ho- 
rizontal. Thus when the ray of the fun F, 


paſſes through the hole C, it falls upon the point 
G, and the — GCE. gives the fun's height, 


Ihe whole artifice conſiſts in dividing the ſemi- 
circle EG D into 1 degrees, ta, at the! 
po E. . 


Theſe kinds of 1 are not fo fit 
far ſervice at ſea, by. reaſon the motion of the 


| ſhip will not — the plumb- line to ſettle. 


P R © p. II. 
Of the Fre. Staſf. 


1. The Fore-ftaff uſed at ſea, is compoſed of 
three pieces, v:z. a croſs- piece or vane DC, a 
moveable fight EF, and a ſtrait quadrangular 

piece, or the ſtaff itſelf BA, 
Fig. - which the vane is made to flide,. 4 
ſo exactly fitted, as that it IP has. 


fand at right angles with! it. 


2. The moſt uſual way of taking the ſun's 
height with this inſtrument, is thus ; place. the 
vane CD at the end B of the ſtaff, then apply; 


ing the eye to the end C of the vane, and turning 


the hack to the ſun, move the ſight-vane E 
backwards and forwards till the ſhadow of the 
end D falls exactly upon the fight EF, at the. 
ſame time that the eye at C ſees the extremity of 
x Wan acroſs the ſame fight EF: For 1 
* 


” 


_ 


—— — —— Wn . — oo OS ——— — 2 — 


e line A 
e CE ho- 
e fun F, 
the point 
's height, 
the ſemi- 


ig at the 


E 


ot fo fit 
on of the 


r aSsSs 0c 4.4 4 Res - - 


mpoſed of 
ne DC, a: 


adrangular | 


A, upon 
flide, and 
ay always, 


the ſun's 
place- the 
hen apply: 
nd turnin 
vane E 
doof the 
F, at the 
tremity of 
For then 
1 


RT 4 1 
[bod dt ©: T2 y 


— — 


a 
* 
* a 
- 
oy 
i 
} 
* 
* 
— — 
— 
9 
- 
CRY 
* 
© 
2 
— — —ꝛ— - i 
— 
- 4 j 
. 
13 * : . l 8 
n 8 *** 2 * * TO oy 95 PTS * „ * —— — 2 Pr "AY PE) ak — 
pie. oa of hou kd 6 29 4 : 4 . 
4 
= evo NR, 
— CC - — 
— - ë 2 W A 2 
— ͤ 6E ln — 
— — — — — — oor n - 
ogy —Eék[—— ͤ— CI 4k — 
— Is- * 


— 
— 


. —̃ꝛk— 
* 


— 2 — 


— — 


P 


nnd — — S —7—9—＋ꝗ—ĩV3n. ð —2— 
— cry ear an — a <4 — a — —— — — * 
ä EIN — - l I — 
. ˙• ... . oe rnb . 


r 


— erin 


r —V'B— 7———— 
F 


2 £2260 Bad 
= — — 


— * 
— ö? 
—— — . 


2 
* 


1* 27 5 = 
the line CE is horizontal, and the angle DEC 
the height of the ſun above the horizon; this 
angle is marked upon the ſtaff at the point E, 
where the ſight- vane is brought. , 


3. Another method is uſed, to take the height - 
of ſtars which give no ſenfible ſhadow. 15 
Placing the eye at the point B of the Fig. 5. 
ſtaff, move the vane CD backwards and 1 
forwards, till the eye at B at once ſees the ſtar it is 
obſerving by the end of the vane C, and the hori- 
20n by the other end D; for then will the line 
BD be horizontal, and the angle DBC will be the 
ſtar's height above the horizon. 


— 


In both ways the part EB of the ſtaff, is the * 
tangent of the angle BCE, the complement of 
CBE in Fig. 5. and of CEB in Eig. 4. which is 
he half of the angle CBD, or CED the angle of 
ne height found: Therefore the ſame diviſions of 
the ſtaff ſerve in both caſes. „ | 


4. The ſtaff BA is thus divided: Draw the 
perpendicular BC, equal to one half of ß 
Whe vane ; then from the point C, de- Fig. 5. 
cribe a quadrant DF, and having ſt 
off 45 degrees from D to E, draw CE, which 
ill cut the ſtaff BA in the point G, and ſo 
give the diviſion of go degrees, ſince BG will 
be the tangent of 45. degrees, the complement” of 
he half of go degrees, In the fame manner di- 
vide the half quadrant EF into go parts, and from 
the point C, drawing lines to the ſaid diviſions, 
your ſtaff will be divided into degrees; for in pro- 
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of half the vane, divided into a thouſand 2 
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"I: 24 9 1 
as the angle GCB is augmented half a de- 
tre the angle GH wil be diminiſhed a whale 


e 

The ſame Weed is to be purſued to lay N 
the minutes, every 10 of which ſhould be din. 
Wulhed, or, if practicable, every 5. | 


It would be ſtill much more eaſy to divide 
the ſtaff BA, by means of a ſcale, of the length 


parts, and a table of tangents, whoſe. ſign 

muſt be but 1000 Parts: F: or taking from . 
ſo many parts as are found contained in the tans 

ent of 45 degrees, and laying them down upon 
> ſtaff from Bto G, you A your firſt ai 
of go degrees. In the ſame manner, taking from 
the ſcale the number of parts contained in the tan- 
gent of 45 degrees 30, and ſetting them upon 
the ſtaff from the point B, have the ſecond: 


diviſion of 89 n os Do the ama forthe 
Minutes. | 


R E M A R Ks 


If the vane is ſmall; the diviſions will ſtand 
too cloſe, and if large, many of them will fall be 
yond the length of the ſtaff: They have therefore 
commonly four vanes, the leaſt of which ſerves 
for the ſight-vane, and gives almoſt all the di- 
fions. Each vane is adapted to one particular fide 
of the ſtaff, to which the diviſions thereon agrees 
and as 25 half of each vane anſwers to the. diyis 


"4 uy angles, Aer its correſpondent lice, * 


P R 0 P | 


1 
| = P R 0 P. III. + 

. Of the Engliſh Quadrait,, 
1. The Engliſh quadrant is compoſed of the 
Kaff AD, and two arches of a circle, 


” both which have the point A for their Fig. 7, 
gt center, viz. BC, E z. theſe WA”. 
va. chcs together make up a quadrant; the diviſions 
oon BC are of 5 degrees each, but upon DE 
* not only every ſingle degree is mark d, hut even 
very two minutes: There are three ſights or vanes, 
Faun perpendicular to the plane of the inſtrument; 


one upon the arch BC, and the other upon D 

2. To uſe this inftrument, they firſt fix the 
ane F, and then raiſe or fall the vane G, till the 
hadow of the vane F falling upon the vane A, 


orizon a-croſs the ſame vane A: For then is the 


ine GA horizontal, and the angleFAG is the 
eight of the ſunn. de nt 
1 It will be eaſy to apply this inſtrument to the 


tars, nor will the Reader find much difficulty in 
liſcovering by himſelf the other uſes of the qua- 


eh rant, and of the other inſtruments which differ 
duet very little from it, + 1k: oa 
xr fide 5 
„ divi⸗ 5 5 „ | ee of Ez 
» thee Errors i be correfied in taking Heights, 


1. I ſay nothing here concerning the parallax 
f the ſun, which is not determinable by any in- 
ruments now iu 


the firſt is fixed at the point A, the two 0 1 5 5 


he eye being applied to the vane G, ſees the 


Vor. II. G 2. The 
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cafion'd by refraction, which makes a ſtar, & 
Fig. 8. height: As ſuppoſing A the ſun, E the J 
height of the ſun will be AEC ; but becauſe the 


ſun will ſeem to be in the line EDG, and its ax 


AEG muſt be ſubtracted, to have the true height ; 


obtain the true, 


1 


k ; \ | — q 

2 * = * 
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2. The firſt error common to heights, is oe 


* 1 


appear more elevated than its true 


eye, and BC the horizon, the tru 


ray AD entering into the vapours of the earth, oi 
more truly the atmoſphere, is broke in the point Dl 
and paſſes to the eye E, thro' the line DE, th 


parent height will be DEC, therefore the ang 2 


AEC. The angle AEG is greateſt, when thi Z 
ſtar, &c. has the leaſt altitude, as may be ſeen i 


the following, table, wherein is ſet down, wha 


ought to be deducted from the apparent height, ti 5 


Apparent Heights Refractions 
Degrees Minutes 
SERA 31 
I 23 
. II 
10 > 
20 I 


[1 

| | 1] | [ 

* | [ [ 
; 


But according to Sir //aac Newton's table find 
publiſhed, the refractions are found ſomething dl 
ferent ; for the curvature of the ray between 
and E cannot be mathematically determined, as lt 
ray is not ſuddenly broke or bent at D, as ſhem 
in the figure, but only begins there to bend, ail 
increaſes bending more and more cot” inually, 'ti 
it arrives at E, where the denſity of the atmoſphel 


My a 27 1 3 
| is the greateſt; wherefore this editor hath added 2 
oy of his table, as followeth : 67H 


the Heights Refractions bs Reſtz Stone 
u Degrees Min. Sec. Degrees Min. Sec. 
e the © _— — S 
a, ot 1 ˖ 4 3 
nt D 222 0 0 
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The ſecond error regards the obſervation of 
the horizon at ſea ; ; and it proceeds from that the 


raiſed above the ſurface of the ſea, ſees. 
the bounds of the horizon by the tangent Fig. 9. 
AB, which differs from the horizontal Fo 

line AC, by the angle BAC: "It would be eaſy 
to make a table of this error, with regard to 7 
different elevation of the eye: For as EA, the 
ſum of the radius of the earth and elevation of the 
eye, is to the ſine total; ſo is the radius of the mz 
to the ſine complement of the error BAC. But 
care muſt be taken, that if the height is obſerved _ 
hing i with the eye directed to the object, the error of 
ween i the height found be ſubtracted; but if the obſer- 
d, as vation is made with the back rurn'd thereto, the 
as he error is then t to W's added: | 


4 The error or ariſing from te not che de 

moſpheſ ſights of inſtruments, is ſtill more con- 185 
= {:dcrable ; for ſuch ſights give only the Ng. 10. 

upper limb of the ſun, and conſequently = 


C2 ſome- 


eye of the perſon making the obſervation, being 


1 


a1 


if the end D of the vane — obyerted towards the 
ſun ACB, the ſhadow G will give the height of 


the limb. * and not that of Mace ns 1 
as ſometimes leſs by IS' 


e 2 | 
of the Meriner's s Compaſs. | 


3 


1. There are two pee points in A loadfigns 
which are called its Poles; becauſe being ſufferedito 
move freely, whether ſuſpended a thread, or 
floating upon cork in the water, it will turn one 


of theſe points towards the north eee bee. the 


Other towards the ſouth. 


2. The ſtone communicates. its. virtue: wh 
Having therefore a load-ſtone, while: 

Fig, 11. north pole is A, and its ſouth pole By 
prepare a thin plate of iron, /hollow'd! 

out in the middle, and rounded at the two ends, 


then apply the plate to the load-ſtone in ſuch, man. 


ner, that the point C may be between the two 
poles at E, and conduct it ſoftly along the ſtone, 
Ell the point C touches the pole Az then will 


the plate have the virtue of turning its point C 


towards the north pale, and its s point Dung 
the ſouth. 


Prepare a circle Ke paſte-board; an on 
one fide laid down upon it the points of the com- 
Paſs, and to the other ſo faſten, your iron plate, 


that the point C may exactly anſwer; to the norm 


vo 'of the card, and the point D to the ſouth, 
then fixing! in the center of the card, a hollow 
8 . cone 


fomnatioges ive the height 15 above the truth. Fot 


. 


. 


3 


J 

cone of braſs, and placing it upon a pivot, the 

card will play freely, and turn its north point to- 

wards the north pole of the world, and conſe- 

quently its ſeveral diviſions will mark out the 

| whole courſe of the winds, each reſpecting its pro- 
per point, e e 


\ 


I ſhall not detain the reader with the other parts 
of the compaſs, nor the manner of its uſe ; neither 
do I think it needful to deſcribe the compaſs of va- 
ge, riation, or azimuth compaſs, fince I write for per- 
to ſons to whom theſe things are very familiar. 
or 
ne 


4. T ſhall therefore only add, that the com- 
paſs is neceſſary to take the plan of a place at ſea, 
becauſe of the motion of the veſſel, The manner 
of uſing it to that purpoſe, is as follows. Sup- 
poſe, for example, it was required to 
take the plan of the road BCDEF. Fig. 12. 
At the point A, fo place your com- 
| paſs, that through the ſights you may obſerve the 
point B, and mark the degrees of the card cut 

by one of the fights ; do the ſame for the point C, 
and the degrees found between the points 
and C will be the meaſure of the angle BA C. 
In the ſame manner you may find the angles 


taking alſo the angles FGA, EGF, DGE, 
CD, BGC, you have ſufficient cognita to 
form the plan of the road. See Practical Geame- 


* 


iy, Prop. 4. 34 N 3 


* 


+ RR. 


CAD, DAE, EAF, then from the point G, 
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The declination or variation of the Compaſs. 1 


The compaſs has very often a ſenſible declina- 
tion, that is to ſay, its north point does not alwa 
anſwer exactly to the north pole of the world; 
but tends either towards the eaſt or weſt. We 

ſhould therefore be often deceived, if this declina: 
tion, which frequently changes, were not exaCtly 
obſerved. | | : 3 4 ö 

I T ſhall only give the three ways of obſerving the 
variation (for ſo they term the declination -of the 
compals) which are moſt eaſy, and moſt commonly 
uſed ; but for the Pere underſtanding them, it 
would be convenient for the reader to have before 
him an azimuth compaſs. „ 5 


1. When the lower limb of the ſun juſt appears 
above the horizon, ſet the compaſs of variation, 
ſo that the fights may exactly reſpect the ſun) 
center, and obſerve the point of the compals 

which the ſights cut, If that point is the ſame 
whereon the ſun ought to riſe or ſet (which you 
may know by the amplitude of its riſing or ſetting} 
the compaſs has no variation : But if that point 
1s farther from the north than the point whereon 
the ſun ought to be, the compaſs declines ſo many 

degrees, and on the ſame fide with the ſun; if 
the ſaid point is leſs diſtant, the compaſs declines 

ſo many degrees towards the ſide oppofite to the 
ſun, that is to ſay, N. E. in the evening, and 
N. W, in the morning. - Ks 


2. At 


% 


TV 
2. At any hour of the day ſet the compaſs ſo 
that the ſhadow of a thread, joining the two ſights, 
may fall exactly upon the middle of the chapel (for 


is call'd) and obſerve how much the ſaid ſhadow 
deviates from the north point of the compaſs ; then 
ſeeking by the azimuth the ſun's diſtance from the 
north at the time of the obſervation,” if the two 
deviations are equal, there is no variation of the 


Aly compaſs; but if they are unequal, the variation 
15 will be as above deſcribed. VV 
the a 
the 3. When the pole-ſtar, and the third ſtar in the 
only tail of the great bear (beginning with that at the 
, It end of the tail) may be cut by a plumb line: So 
fore ſet the compaſs of variation, that the ſame line 


which cuts the two ſtars, may alſo cut the two 
ſights of the compaſs, for then if the ſights of the 


| compaſs fall exactly upon its north point, there is 

tion, no declination; but if the ſights and north point 
ſun's do not anſwer each other, the difference will be the 
pass declination on the ſame ſide with the north point 
ſame of the compaſs. 1 f 

you | | | 
ting} The demonftration of theſe practices is very evi- 
point dent; as well as the manner of correcting the va- 
ereon riation, or declination of the compaſss. 
nan) „„ 
n; if PRO pP. VII. 
clines | 
o the Of Sea Charts, 
, and 


I ſhall fay nothing of charts which ſome pre- 
tend to make, comprehending large parts or por- 
tions of the globe; which will by what follows, 
appear to be of very little uſe. 
— ES 1 Thoſe 


ſo the braſs cone upon which the compaſs turns, 


Fe. 13. by laying down the ſquare or obleng 


in the chart; and the line AB fo divided, will 


upon ſome certain point as D, for ſome noted port, 


in your chart. 


other according to the points of the compaſs they 
ought tolie upon. 2. By obſerving if the places 
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1. Thoſe charts wherein the circles of latitude 

and of longitude are laid down as parallels, and 
of equal diſtance, are of no worth (unleſs they 
only repreſent a ſmall ſpace, and that near the 
line) becauſe they give the ſame extent to a de- 
gree in thoſe parallels near the pole, as in thoſe 
ear the equator. 8 
2. Charts of diſtance may be uſeful enough, if } 

| they axe exactly made, They are begun 


ABCD, and dividing the ſide AB, 
which ſerves as a parallel, into ſo many equal parts 
as there are leagues, between the two moſt diſtant 
places towards the eaſt and weft to be laid down 


ſerye as a ſcale of leagues. Then having fixed 


as Toulon, to lay drown another, as ſuppoſing Cape 
Luirt, draw the line DF upon that point of the 
compaſs, which the cape of Quiel bears from Tou- 
len, and taking upon the ſcale fo many leagues as i 
the diſtance between the places, lay it down from 
D upon the. ſaid. line to F, which ſhall be the point 
where'cape Quiel is to be placed. The ſame thing 
is to be done for all the other places to be laid down 


There are two methods of trying the truth of 
this ſort of charts. 1. By obſerving if the places 
laid down anſwer to one another by their proper 
bearings; for example, after having laid down 
Marſeilles and Majorca, fee if they anſwer each 


which ſhould have the ſame latitude, fall 0 the 
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RY 7% 
fame Büs parallel to AB. This latitude i may be 


lid down upon theſe charts, and from the latitude, 


or two different bearings, the diftance of places 
may be determined. 

It is farther to be obſerved, that to render this 
ſort of chart truly ſerviceable, they muſt include 
but a ſmall ſpace, and that not near-the poles, 
eſpecially if he latitude be laid down in er parts 
taken from the line AC. 5 


4. Reduced charts are the beſt ſort, PR con- 
ſtruction of which will appear in the 12 
W remarks. 5 


R E N AR E 8. 


In ſea charts, the meridians ought to be parallel, 

| that the points of the compaſs may bear in ſtraight 

nes; but then this paralleliſm will occaſion a 
conſiderable error in making the degrees of all the 

parallels equal, and laying down, for le, 20 


leagues in a degree in the parallel of 60, which 
ought to have but 10. 


To remedy this error, the degrees of latitude: 
ought to be enlarged in the ſame ratio, as the de- 
grees of longitude are diminiſhed, and the degrees 
of latitude will ſerve as a ſcale in ſuch fort, that: 
the ſcale increaſing in proportion, as we approach 
the pole, the degrees of longitude, which have all 
the ſame length, will contain fewer leagues in pro- 
portion as e the "acct 1 
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* Whatthe French call Redee'd Charts, rec tins 
which with us go by the name of Merratar Charts, 
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Fig. 15. 


Fig. 14. 


to the degrees of the parallel, as the radius AB 


(by the laſt Prop. of Trig.) we conclude that 


as the ſecant to the ſine total. Thus taking the de. 


which it will be no difficult matter to lay down 
each place in the interſection of its reſpective Jon- 


* 
. 
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[ 34 ] F 
Jo find the ratio between the degrees of latitude Wi 
and longitude, obſerve that if AB de 

taken for the radius of the equator, and 

| CD for the radius of a circle parallel to 
the equator ; the degrees of the equator will be 


to the radius CD, (by the 1. 12. of Euclid) or a 
the fine total to the fine complement of the arch 
AC; and as the fine total is a mean proportional Wi 
between the fine complement and the ſecant i 


the degrees of the equator, or of the latitude, are f 
to the degrees of the parallel, or of the longitude, Wl 


grees of longitude always equal for the fine total, Wl 
the degrees of latitude muſt confequently encreale Wil 


as the ſecants of the latitudes. = 


'5. Having prepared the rectange le 
ABCD, and divided its fide AB. into Wil 
ſo many equal parts as you. would have Wl 
degrees of longitude in your chart: Draw througi Wl 
the diviſions, lines parallel to the fide AC, which 
will repreſent the meridians : Then having fixed the 
latitude where you would have your chart begin, 
and laid it down on the line AC, for example, 
36 degrees north: make AF one degree of Jon- 

gitude, the radius of a circle, from 

Fig. 16. whence take the ſecant of 37 degrees 

for the line AF, and the ſecant of 33 

degrees for FG, &c. and thus you will have the Wi 
fide AC divided into increaſing latitudes. Through Wi 
theſe diviſions draw lines parallel to AB, and WW 

they ſhall repreſent the circles of latitude. After 


*  gituds 


FH: 


ade citude and latitude z and to add a compaſs to your 
be chart. e e 
and + 28. NE | ww BE ; 
| to A ſcale of increaſing latitudes, may be ſtill 
be more exactly made with a rule of 1000 equal 
AB BY parts, to one degree of longitude 3 to lay down. 
every 10 minutes, it will be ſufficient to divide 
uch each degree into fix equal parts. But to perform 
dae BW the thing in the moſt exact manner, by the help 
cant of tables and ſuch ſcale of tooo parts: From the 
that WW ſixth part of a degree, ſubtract ſo many parts as 
are the ſecant of a degree, and 10' is leſs than the 
ude, ſecant of a degree and 60', and the remainder will 
: de- be the firſt part, or the firſt 10 minutes; and by 
otal, adding them, you will obtain the laſt part: in the 
reale WW ſame manner ſubtracting from the ſixth part of 


a degree, ſo many parts as the ſecant of a degree 
and 20 is leſs than the ſecant of a degree and 50 


angle the remainder will give the ſecond part, and adding 
into the ſame, you will get the fifth part. All which 
have is clear. . „„ 15 
ough ; | : : 0 

vhich PR O pP. VIII. 

ed the ; | : : 25 | 

zegin, i / Tables. 

nv BY in navigation we make uſe of ſeveral tables 3; | 


from but the chief are the tables of the ſun's declina- 
egrees don, thoſe of his right aſcenſion, of his riſing: 


of BY and ſetting, of his eaſtern or weſtern. amplitude, 
e the and of his azimuth, or of his hour for his ſeveral: 
rough heights. The conſtruction of all which: follows. 
ii Farther on ſhall. likewiſe be given a loxodromic 
After l table. „„ i tp; 
= . Borrowing from Aſtronomers a table of the: 
gude ſun's longitude for every day at noon, with the: 


7 


1 36 1 

greateſt declination of the ſun, which is 23 29; 
and in conſequence thereof, ſuppoſing in 
Fig. 17. Figure 17, A B C to repreſent the 
ee egquator, EBD the ecliptick, HFI a 
meridian, FB the given longitude of the ſun for 
each day, FG the declination correſpondent to 
the given longitude, and the arch DC, or the 
angle FBG the ſun's greateſt declination; we 
ſhall be thence furniſned with the following analo- 
gy, according to the iſt prop. of Spherical Trigo- 
nometry. | 0 5 8 


Sine total: fine BF : : fine FBG : fine FG. | 

That is to ſay, the ſine total is to the ſine of 
the ſun's longitude as the fine of the greateſt de- 
clination, to the fine of the declination anſwering 


- - to the longitude given. N 


2. In the ſame manner may be found the arch 
BG, the neareſt diſtance of the ſun from the neat 
equinoctial point, by prop. 2. Sph. Trig. 


The tangent of the greatefl declination F BG: 
radius or ſine total:: the tangent of the declina- 
tion FG : fine of BG the ſaid neareſt diſtance. 

From which, to find the right aſcenſion, ſes 

Page 17. : | 


23. To get the amplitude, let EBD 
Fig. 18. repreſent the horizon, ſo that FB may 

be the eaſtern or weſtern amplitude ; the 
point F remaining the place of the ſun, and the 
arch FG its declination, and then the angle DBC 
will be the complement of the latitude of the place. 
Which will furniſh the following analogy (by | 
prop. I. Sp. Trig.) | 


_ 


pes N | 
Tie fine of the compl. of the latitude B: ine 
2 ns FG : : ſme total G: fine % 
the amplitude FB. | 1 


4. For the hour of the ſun's riſing and ſetting; 
it is to be obſerved in the ſame figure, that if the 
declination and the latitude of the place, are bot 
| towards the ſame pole, the arch GC 2 
will be the hour of the ſun's. riſing, and Fig. 18. 
the arch GA that of its ſetting ; but i; 
the declination of the ſun be one way, and the la- 
titude of the place the other, the arch GA will be 
the hour of the ſun's riſing, and the arch GC that 
of its ſetting, It will therefore follow that, 


| ” "PW "S 3 

The tangent of the fine B the compl. of the lati- 

tude ; 3 of the declination FG 2: fine. 
_ ine of GB the campl. of the arch | 


5. Thus may be calculated a table of the hour 
and azimuth of the ſun at all heights, for any place 
whoſe latitude is known. For let AB be the equa- 
tor, E the poles of the world, G the 

ſun, its height above the horizon GL, Fig. 19. 
its declination GH ; the azimuth will 

be the angle GFE, which may be known by the 
reſolution of the triangle GE, whoſe three ſides 
are known, viz. GE the compl. of the declina- 
tion, FE the complement of the latitude of the - 
place, and FG the compl. of the ſun's height, 
For by cor. prop. 5. Sp. Trig. "EN 


1. Add the logarithmic fine of the compl. of th 
latitude, and of the compl. of the ſun's height together.. 
5 2. Double 
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2. Deuble the log. of radius or the ſine total. 


3. Add the log. anfwering to the fine of half the 
arch compoſed of the compl. of the declination, and 
of the difference between the latitude and the height, 
to that which anſwers to the ſine of half the diffe- 


rence between the compl. of the declination, and the 


difference of the latitude, and of the height. 
Subtract the firſt term from the ſum of the remain. 

ing two, and the half of the remainder will be the 

log. of half the azimuth GFE. 1 


The ſame muſt be done to have the angle GEF, 
which being divided by 15 will give the hour from 
noon; only obſerving to put the height inſtead of 
the declination, in ſuch ſort that wherever the 
declination is uſed in the firſt operation, the 
height is to be made uſe of in the ſecond, and ſo 
xeciprocally. | ; 
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th Of a Ship $ Cour ſe. 

the 


15 W HEN a ſnip fails due north and ſouth, 
| the line ſhe deſcribes is a true meridian, 
each degree of which is nearly 60 thouſand. geo- 
metrical paces. V 


2. When a ſhip ſails eaſt or weſt under the- 
equinoctial line, her courſe is the equator its ſelf, 
che degrees of which are equal to thoſe of the me- 
W 7idians: But failing conſtantly at the ſame diſtance 
from the equator her courſe deſcribes a parallel 
W thereto; the degrees of which are to thoſe of the 
W <quator, as the {ine compl. of their latitude to the 
W fine total (by prop. 7.) | hy + 


E When. a ſhip fails upon 2 rumb line, which. 
makes an acute angle with a line due north and. 1 
ſouth, her courſe does not form a circle, becauſe. 


RT 
a 2 


Tx 


it deſcribes a line making the ſame acute angle with 
all the meridians, * which no circle can do 

example, let CD repreſent the. equa- 

Fi g. 20, tor, AB any meridian, and EF the 

ſhip's courſe, I ſay EF is not the arch 


* a circle. 


Demonſt. Since the ſhip 10 . the ſame ods 
of the compaſs in running through the line EF, 
all the angles made by the courfe EF with the 
. ſeveral meridians will be equal, and moreover by 
the ſuppoſition acute. But if EF was a portion 
of a circle, it would make a right angle with the 
meridian paſſing through its poles (by ſup. 6. Spb. 
Trig.) and with the-other meridians, angles more 
or leſs acute, in proportion as they are nearer o 
farther from that. | 


4. The courſe EF will be a curve, line, com · 
| poſed of an infinite number of. right 
Pig. 20. lines: To explain this matter, ſuppoſe 
that in parting from the point E, the 
ſhip holds a courſe which makes with the me- 
0 the angle AER, ſome one meridian as 
AR; muſt meaſure this angle, and that meridian 
will fall perpendicular upon ER ; now the angle 
AER, will be more acute than the angle ARR, 
which the ſhip will make with the next following 
meridian, if ſhe deſcribes the arch ER; there- 
fore when the ſhip comes to the pore B K, ſhe 
muſt quit the arch EKR, and fall into the line 
EH, ſo that the angle AKH, may be the ſame: 
asche an gle AER; but the ſhip* s coutſe, be it 
ever ſo mall muſt meet with an infinite number 
of different meridians, it therefore follows, that 
ſhe muſt continually, deviate em. the circle "_ 
an 


„„ 

and thoſe that ſucceed it, and that her courſe 
muſt be compoſed of an infinite number of lines, 
of which each will be part of the ſhip's keel, and 
conſequently a right line. "01 | 7 


R E MI A R k. 


A ſhip's courſe deviates more from the equator, 
or approaches leſs towards it, than if it deſcribes 
| a creat circle; becauſe in order to make the angles 
equal, the courſe muſt approach ſomething to- 


by Wi wards the neareſt pole. For ſuppoling G the + 
10n place of departure, when the ſhip comes to the 
the point L, continuing the great circle, the angles 
ph. would become leſs acute; and conſequently to 


keep them equal, the ſhip muſt leave the arch 
LE, and fall into EM, which will carry the 
courſe towards the pole B. It was ſaid, that the - 
angles which any one circle makes with the me- 


ridians, would become leſs acute in proportion as 
ight they approach the equator, or the line ; becauſe 
pole in approaching the line, they become more diſtant 
the from that circle with which they make a right 
me- angle, or whoſe poles or moſt diſtant points are in : 
. the equator, upon which the poles of all the meri- k 
dian dians fall. | 85 N 
nale 5 | | oY 
W, PRO P. X. 
ing „„ 
. : Of the Loxodromick Curve. - ö 
ane . Let us ſuppoſe the courſe AB compoſed of an 
an 


infinite number of right lines, making 


be it de fame angle CA B with all the Fig. 21. 

nber meridians: We may then imagine an i 

= infinite number of right lines CD, perpendicular 
7 | . Bo 


to 


. 


. A 
to the meridians in the points C, which with the 
parts of the meridians CA, likewiſe right lines 
will form an infinite number of rectangled tri 
angles AC D, right-lined and ſimilar to each 
other, which will furniſh us with the following 
reflections. — 
1. All the baſes AD of theſe triangles make 
up the ſhip's courſe ; all the ſides AC make up 
the arch AL, or the ſhip's advance in latitude; 
and all the ſides CD make up a mean arch be- 
tween AF and EB, or the ſhip's advance in lon- 
gitude, . 


2. All the baſes AD of the triangles ACT, 
are to all the ſides AC, or to all the ſides CD; 
as any one baſe AD, to one fide AC, or one 
ſide CD; ſo that giving to one baſe AD, the 
value of all the baſes ; and to one fide AC, « 
CD, the value of all the reſpective ſides; by the 
reſolution of the right lined and rectangled triange 
ADC, we obtain the reſolution of the loxodto- 

mick curve AAB. | "I, 
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Of a Ship's reckoning. 
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1. To make a judgment of a ſhip's way, we 
muſt regard the force of the wind, the number o 
fails, and the manner in which they are ſet, but 
above all muſt be conſidered, the rapidity of the 
water paſling along the ſides of the veſſel; all 
which with good experience may enable a man t0 
make a tolerable reckoning, eſpecially in a ſhip he 


Mi 


V 
2. The Lag is a piece of wood of half a foot 


the long, and two inches broad, cut into the ſhape of 
les, a boat, as A B, underneath which is 
4 fixed a little lead by way of ballaſt; this Fig. 22. 
a 


log is faſtened to a line by two cords, | 
one of which is faſtened at the point A, and the 
other at the point B is only held by a pin thruſt 
into a hole, out of which it may eaſily be recovered. - 


10g 


ake 


The log being thus prepared, when they would 
: Up udge by it the ſhip's way, they throw it into the 
* ea over the ſtern, and veer out the line as the ſhip 


advances to the length of 20 fathoms ; obſerving. 
by a half· minute. glaſs the number of fathoms run 
ut in that time; if then the number is 25, they 
onclude the ſhip makes one league an hour: For 


n if 30” give 25 fathoms, 60 or an hour will give 
Dodo fathoms, or one league, the ſhip then makes 
oe o many leagues an hour as the log runs out 
» We es fathoms in half a minute. It will therefore be 
„easy to divide the log line in the following man- 
ye er: Meaſuring 20 fathoms from the log, there 
angle place a white mark, as viſible as may be; then at 


be end of 6 fathoms and +, place a mark for ⁊ of 
league; and at 6 fathoms and 4 further, a mark 


- 


or + a teapus; Ve © 


3. I ſhall not ſtop here to conſider thoſe ma- 
hins with wheels, which ſome authors have 
propoſed for the fame purpoſe. The ſight of 
is ſea itſelf is ſufficient to ſhew their uſelel- 
eſs. 7 e 
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e the difference of Latitude. | - © 
The A of latitude between the place q 


departure, and that of arrival, may be found ſens 
ral ways. | 15 4146 SB 


I. Take the ſun's height at noon, and to the 
complement thereof, add the ſun's declination ft 
the time, if it be on the ſame fide of the equam 
with your zenith, and if it be leſs than the {ail 
complement, the ſum ſhall be the latitude of tel 
place where you have taken the altitude: But ii 
the declination of the ſun be on the other fide 
the equator, it muſt be ſubtracted from the comp 
pe the ſun's height, to find the latitude of 
Place. | r 3 
To demonſtrate this rule, let us ſu ABU 
| equator, G the zenith, CD the hav 
Ag. 23. zon, the arch AG will be the lata 
of the place; and if we ſuppoſe the iu 
at the point H, the arch HG will be the comple 
ment of its height, and HA will be its declination] 
but if the ſun be ſuppoſed at the point F, the ad 
FG will be the complement of its height, ant 
FA will be its declination. 47M 


Demonſl. It is evident, that if the ſun be al 
the ſame fide as the zenith, that is to ſay, if it Wl 
at the point F, the declination A” ought to il 
added to FG, the complement of the ſun's hei 
to give the latitude AG. On the contrary, if is 
ſun be on the other ſide the equator at the point i 
its declination HA, ought to be ſubtracted Ha 


ge, the complement of its height, to obtain che 
ende d g.. ts 4 
tit may happen in the torrid Zone, that the zenith. 

nd the ſun may be both on the ſame ſide of the 
quator ; but the ſun's declination, may be greater 
han the complement of his height; as for example, 
Ir the ſun be at the point G, and the zenith at 
he point-F ;. in that cafe FG, the complement of 

ts height, muſt be ſubtracted from GA its decli- 
ation, to have the latitude FA. 


2. The fame thing may be done by the meridian 


= . 
2 titude of ſuch ſtars, whoſe declinations are known, 
ui. When the pole ſtar, and the third ſtar in the 


ail of the great bear, reckoning from the end, 
ay be cut by a plumb. line, take the height of 
e pole-ſtar, and if it be above the other, ſub- 
rat 2* 22 40” or add the ſame quantity if it be 
low, and you will obtain the height of the pole, 


See 


r the latitude of the place . 


ITY a... —_— 4 * 


— —— — — 


* By reaſon of the aberration of light the pole. far t al. 
tude in its.preſent approximation towards the pole, which 
a mean ratio is accounted about 19” f yearly, the quan- 
ty to be added to, or ſubtratted" from the attitude of the 
far, to obtain the true elevation f the- pole, is 
2 120 on or about the 22d of Sept. 1749, 2” 1' 52” 
the 22d of Sept. 1750, inflead of 29 22 40 a 


ove; but this variation is” alſs various at different 
Bet in each year, by the earth's annual motion bavi 
ſenfible velocity compared <with that of light, whereby 
n far appears on the 210 4 June 20“ tos far off the” 
le in any poſition, and on the 21ſt Dee. as: much' too” 
ur, as Mr. Gardiner, in his praftical ſurveying im- 
oved, page 106, has rightly obſerved. © © 
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4. Several tables may be made for correAingth 
height of the pole; but one of the moſt uſefulj 
that which is compoſed of the height of the neigh. 
bouring ſtars, when they are found equal with the 
Height of the pole . 

I omit the other methods of diſcovering the la: 
tude by taking altitudes, becauſe they are not þ 


* 


proper for uſe at ſea, 


Per. l. 
Of the Longitude. 5736 


This is a problem which has hitherto ben 
ſought in vain, I mean to find the longitude uM 
ſea, with the ſame eaſe and certainty as the l 
titude. | OP | - 1,742 
1. Some have thought to find it by means of a 
exact pendulum, which being ſet to the meriduy 
of their departure, may keep the exact timed 
their courſe, fo that obſerving the hour at tif 
place of their arrival, and comparing it with'the 
hour of the place of their departure ſhewn by 
the pendulum, they thereby may ſee exactly tie 
difference of the meridians; for, ſay they, iſ ia 
hour found at the place of arrival, is earlier that 
the hour ſhewn by the pendulum, divide d 


different 


The table in this place mentioned (though inſert 
in the original) is here omitted, by reaſon of the abo 
hinted variations of the pole-ſtar ; and as the other ſtan 
are likewiſe more or leſs ſubject to ſuch variation 
there can be no fixing of certain allowances for an] 
duration; which muſt render ſuch table uſeleſs. 


difference of the time by 4 minutes, and the quo- _ 
tient will give the number of degrees made eaſt- 
ward in the courſe. But beſides the difficulty of 


getting a pendulum not to be affected with the 
"gh | ſhip's motion, and the trouble of finding the hour 
the 


exactly at ſea ; the ſmalleſt error will be found con- 
ſiderable, becauſe 1 minute of time gives 15 mi- 
nutes of longitude, 43 


2. Thoſe who would make uſe of the moon's 
longitude, or the ſatellites of Jupiter to the ſame 
purpoſe, ſucceed ſtill worſe: Though indeed by the 
immerſions and emerſions of the firſt ſatellite of 
Jupiter, the longitude of 'a place may be found 
aſhore, where there is opportunity of frequently 
repeating the obſervation. | 


3. There remains therefore no means more cer- 
tain for finding the longitude, than by the reſolu- 
tion of the loxodromick curve,  * 


\ \ 


wow Pro XMIV., - 

ime d 1 | Md 

— „ Of the Angles of the loxadromick Curve. 

wn by 1. The angle oppoſite to the ſhip's way is right, 
Mei and the angle oppoſite to the difference of longi- | 
tu tude is given by the compaſs, being the angle of 


the rumb, or the angle made by the ſhip's keel 
with the meridian (by prop. 10). For which pur- 
poſe the box of the compaſs is ſo diſpoſed, that 
the black line thereof may anſwer exactly to the 


OY | [ſhip's head ; and ſo the rumb anſwering the ſaid 
| inſerted | black line, is the line of the ſhip's courſe, and the 
54 angle which this rumb line makes with the meri- 


dian, or the arch between the ſaid black line, and - 
I mg 


— 


: % 
f I F 


'% 


the meridian upon the compaſs, gives the ang, 
-oppolite to the longitude. .. 
| leis to be obſerved, that each rumb line or point 
of the compaſs gives an angle of 11 15, therefore 
multiplying the points of the compaſs: between the 
black line and the meridian-by 115, the produg 
gives the angle oppoſite to the difference of longjs 
tude. 58 | | 


2. Care muſt be taken to correct the variation, 

that is, it muſt be added, or ſubtracted, as occaſion 

| requires, to the angle given by the compaſs; there 
are many ways of doing this, but the mot ealy i 
to turn the black line of the compaſs in proportion, 

to ſtarboard or larboard of the ſhip's head, onthe 
ide the variation lies; for then the black line wil 
give the rumb, or point of the compaſs corrected. 


To reſolve the laxodromick T. riangle, | 


The loxodromick triangle, which may be taken! 
for a right-lined rectangled triangle, may be reſo 
ved, if ſo much of its angles or ſides are known, a 
are neceſſary for its determination; and by this te- 
ſolution, we obtain the angles and ſides .unknown, 


8E T. I. 


Dieparting from the latitude of 40 N. and being 
arrived at 42* by a N. N. E. courſe, it is required 
to find the diſtance failed, and the difference of 

Jlongitude. That is to ſay, in the Ion 
Hig. 24. dromick triangle A B C, wherein the 


I 


5 


known; and the courle AC, and the difference of 
longitude CB are — 


titude, by 60 miles, and the fide AB is found to 
cointain 120 miles, and multiplying the 2 points 
between N. N. E. and the north point by 114 the 
angle BAC is found to be 22 30, then form the 
following analogies z | 

Sine C, comp. of 22 300: 120 mile, + : 2 total 
B : the miles of the courſe AC 136. 

Sine C, comp. of 22 30: 120 miles: : ſme A 

the miles of the longitude BC . 


BC into degrees, obſerve that theſe miles are run 


parture, and 420 at the arrival, and therefore with- 
out any conſiderable error, you may ſuppoſe them 


between 40 and 42. To reduce them then into 
miles of the equator, correſpondent to the miles run 
upon the parallel of 417, uſe the Rb. analogy. 


Sine comp, of 41 : fine total:: 52 miles o the 
parallel 41® : 2 of the equator wy 


SECT. II. 


ongitude. 


tude AB, and the angle of . Nb BAC 2 


I. Multiplying the 2 dees the e in la- 


2. If you would reduce the miles by loagitadin: - 


CL upon the different parallels between 40 at the de- 


run upon the parallel of 41 an arithmetical mean. 


And thus you will had 19 for We difference of HI 
ongitude, | WI 


Departing from the latitude of 400 N. and ar- 

piving at 42%, after ſailing eaſtward 1 36 miles, tis 
equired to find upon what point of the compaſs 
he courſe was held, and what the difference. of 


Vor. II. Q -. 7 
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further, the miles of the difference of long 
may be found, by multiplying the given cf 
by 60, which will give the miles of the e 
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In the ſame; ERS rk ABC we 3 5 3 
1 3⁵ miles contained in the baſe AC : fine ul 
: 120 miles contained in the line AB”; Jong 79 

the angle C, compl. of the angle A. | 


Pantry the "difference of bt. in a 7 4 
in the preceding * . f = 
ks ER the FAT Bev; 5 N. andhe | 


ſailed 136 miles on a N. N. E. courſe, the dill 
' rence of latitude, and the 9 of long 
are required. + - I 


In the ſame triangle ABC we ſay, vp 
Sine total B: 136 miles AC :: ſine C, nl a 
A: different of latitude AB 120 males or. 
The E CB is * as in a Sect I, 327 | 
Ifthelongitude and latitude be . in degree 
the point of the compaſs and length 4 

Fig. 24. the courſe may be found, For ul wh 
; triangle ABC, the miles contained ii 
line AB may be found, by multiplying the degra 
of the difference of the latitude by 60 miles d] 


anſwering to the miles of the lines BC; then 
the miles of the line BC form the einge * 
Sine total: fine comp of the mean parallel M f 
the departure and arrival: the miles an 
equator : miles of the line CB. . c 
Aſter having thus determined the miles of 
line AB, and of the line BC, form the ng 8 


analogies, 
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Ale 6 AB!: miles F BC: OE total: tangent 
of th angle of the rumb A, Fhen, gen 

| Sine of the angle A: miles of BC : IIA total 
. 2 courſe AC. 
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1. The une thing may be done with the longi- 
de as with the latitude, fince the longitude is 


ven in —_ and not in INT | 


2. When the Jatitude of the departure, and that 
the arrival, are one ſouth, - and the other north; 
requires two operations, of which che one ſhall 
ke for the difference of latitude, the diſtance rom 
e departure to the line, and the other fhall in- 
we the reſt. Alſo if the courſe be given, it mult. 
divided as the latltude, by this analogy; ; 


| Miles of the whole 4 Ference of latitude: eller 
of the whole cuurſe: : the miles o kat latitude" 
in the firft FOTOS miles of that part ** the 


tourſe. 5 


3. When a ſhip kit made ſeveral different cb 

, it is eaſy to reduce them to one, after: bearing 

n, by the reſolution, what each gives with re. 5 
to the four cardinal points; for adding to 
er all that tend toward one point, and ſubtraQing 
efrom whatſoever tends to the contrary point 3 £ 
> remainder will be the true difference in longi- 23 
le and latitude, from whence may be deduced” 

true courſe, and the point of the compaſs or 

hb line anſwering, the ſeveral courſes, - See the 


lowing 2 n 
D 2 FE N. 


* 


4 521 3 
E. W. 


8 
I Courſe "Dos, 3 65 
— pw N03 3 2 oO. 
F + . O 
Sum 6 3 3 5 
iS LY 


Value of the Colrks 39 North Er Wel. 
„S s 


 CorRRECTIONS. 


It often 8 that after you have reſolved the 
loxodromick triangle (by Sect. 3) with reſpe to 
the reckoning made of the > ſhi p's way, and the rumb 
line given by the compaſs, you, may find, by ſome 

obſervation of an altitude, a latitude different from 
that found by the ſaid reſolution ; and as an obſer- 


vation by an altitude is more certain, than either I. 
your nete or the compaſs; either the one, or 
the other, or both, are to be ee e in the fol- diſt 
lowing manner. 1. If the courſe failed on is ver, 
near to a due north and ſouth line, the reckoningis 1 
corrected by making the reſolution by Sect. 1. 2:11 Wl ſev: 
the courſe failed on be nearly an eaſt and weſt line, con 
wee keep to the latitude. and diſtance, and corre&the perf 
rumb line by Sect. 2. 3. If the courſe ſailedonis ſine: 
nearly N. E. and S. W. or S. E. and N. W. we diffe 
firſt correct the diſtance by Sect 1. then taking WI the 
mean diſtance between chat of the reckoning, and Wi Tum! 
that given by the correction, and by this mean di. ©tud, 
| Nance, correct the courſe or rumb line, The rex Wh 7d t 
fon of _ practices is a diſcovered. 8 — 
2 4 
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Of Saite without regarding the S1GWs. 
n 
Of ſailing by the help of Tables, ber 


1. NH E loxodromick table ſhews under each 
rumb the difference in longitude, and the 
diſtance anſwering to each difference in latitude. 


2. The table conſiſts of ſeven columns 3 AS 


ſeven rumbs are ſufficient to diſtinguiſh the whols 
compaſs, and by the help of this table, may be | 


performed all the operations before done by the 
fines, If we allow, for example, one degree of 
difference in latitude by the N. N. E. lookin. 
the column which gives 22 degrees 30 for the 
rumb, the diſtance anſwering to one degree of la- 
titude, to wit, 6 5 miles, will be the diſtance failed 3. 
| and the 24 of longitude oppoſite thereto, is the 
difference of longitude. In the ſame manner having 
failed 60 miles by the N. E. by N. I look in the 
column of the third rumb for 60, and I find over 
— D 3 5 ; againſt 


{ 


Tz &> 


againtt it 33 for the difference of * and 


50 tor the difference of latitude. 


3. Regard muſt be had to the latitude of the de. 


parture in the uſage of this table, and ſubtract that 
which goes before, ſrom that which follows in the 
table, to find what you look for; for example, 
having departed from the latitude of 40 N. and 
being arrived at the latitude of one degree N. after 
having ſailed 103 miles, I run through the columm 


of rumbs till I find one, where the diftance-anfwer- 


ing to 40', ſubtracted from one degree, viz. 20, is] 


103 wiles, and I find it to be the column of the 
ſeventh rumb, or of the E. by N. if I failed on the 
eaſt fide. In the ſame manner I ſubtract the longj- 
tude anſwering to 40', from that anſwering to ons 


degree, and the remainder is 1* 40 far = differ- 


ence of longitude. 


4. The conftruion of this Table i is eaſy ; fo for 


| having found (by Sect. Z.) the miles which 10 
atitu 

and for the diſtance, we fet down twice the num. 
ber for 20% three times for 30, Cc. and then g 
duce the miles of longitude into degrees. 800 


5. Thoſe tables which give the value of degree 
of each parallel are not to be neglected: Their con- 
ſtruction will appear, from w t has been FI 
wes in 0 ſeventh e gt 


, 


e gives under each rumb for the longitude, 


T7 able. 
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OXODROMICEK 
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Rumb. 2. 


Rumb. 2. 
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ap R o P. XVII. * 


I © Of ſailing by the Quadrant. 3 
The Quadrant of Reduction, (as it is called by 
the French) or Sinical Quadrant, conſiſts of 1 
_ great ſquare divided into ſeveral ſmall ones, upon 
which may be found all ſorts of right- lined rectangled 
triangles, with their ſides divided into equal parts, 
The conſtruction will appear plain from the figure; 
bo only take notice that the ſcale EF, is: 
Fig. 25. ſcale of increaſing latitudes, or of ſecantz, 
| whoſe radius is equal to one of the equal 
parts of the quadrant. Fhe nine lines drawn from 
the center A, repreſent all the rumbs of the wind; 
the line AC ſerving. for the north and ſough, and 
the line AB for the eaſt and welt, | 


| er. | 
Having ſailed bgtween the 36th and 4oth degrees 
of north latitude, and having advanced 85 miles 
towards the eaſt, it is required to know the degrees 
of longitude anſwering the ſaid 85 miles; or, which 
1s the ſame thing, it is required to find how many 
miles of the equator are equal to theſe 85 miles: 
And this is what is called reducing the miles of lon- 
gitude, to miles of the equator. © 
There are two ways of reſolving this queſtion 
by the quadrant. TEL Ta 


1. Take upon the line AC, ſo many parts 3 
there are degrees of latitude between the departure 
and arrival, viz. 4, and you will haye AK, then 
extend the compaſles upon the ſcale EF from 36 to 
40, and carry that extent from A to N ; then 
counting upon the parallel KL 85 parts rad 
n „ 


\ | | | 
. 
reckoning 8 to each diviſion of the quadrant, and 
the line AL cutting the parallel NM in the point 
M, gives upon NM, the miles of the equator, an- 1 
ſwering to the miles of the parallel, viz. 104 equal I 
to 1 44. The demonſtr ation is founded upon 
this, that the line AK will be to the line AN, as 
the ſine totabto the ſecant; or as the ſine comple- 1 
ment to the ſine total; and conſequently, KL will 
be to NM, as the miles of the parallel, to the miles 1 


% 


—— — 
e io on 


of the equator (by Prop. 7. 
2, Extend the thread of the quadrant from A to 
the 38th degree of the arch BC; becauſe 38 is the 
mean between 36 and 40, then counting upon the 

line AB, 85 parts to the point H, reckoning 8 
parts to each diviſion of the quadrant; the parallel 
HI cutting the thread in the point I, will give the 
miles of the equator upon IA; fince in the triangle 
AHI, the ſide HA is the fine complement of the 
mean parallel 38, and IA is the line total; ac- 
counting therefore 8 parts to each diviſion of IA, 
jou will find 104 miles or 1144. 


3. If you would change the degrees of longitude 
into miles, firſt reduce them into miles of the equa- 
tor, which are meaſured upon the line MN, or 
Al, to have the lines KL, or AH, in reverſing 
the operate ts 36 lenny 


: . 
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Sailing from the latitude of 36* N. and having 
tun 120 miles upon a N. W. courſe, it is required 
to find the difference in longitude, and in latitude. 
1, Reckon upon the line AC 120. parts from A 
to E, allowing 6 parts to each diviſion, of the 
| f D 5 fg _- Quadrant, 


4 2 Ns 8 Pkg af ca 
— — * 
a o 
K 
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quadrant. Then having extended the thread ſton 


by an obſervation, that the ſhip is arrived in 


ſ 


. a 7. 


* 


A to E, ſet it off upon the line AD which repre- 1 
ſents the N. W. and it will give the point F, and c 
the rectangle triangle AFG will repreſent the ſo- a 
xodromick triangle, whoſe ſide AG will be the a 
difference in latitude, and the ſide GF the diffe- at 
rence in longitude; allowing therefore 6 parts to th 


each diviſion of theſe fides, you will find 85 miles, G 


or 1® 25 for the difference in latitude, and 85 miles WW th 

for the difference in longitude, which you may ie. th 

duce into degrees (by the prec.) „ 51 
SECT. III. 


Sailing from 36 degrees of north latitude, an 
having run 120 miles towards the eaſt, it is found ha 


37 25/ N. it is required therefore to find the 4 
rumb, and difference of longitude. | - - 
1. Reduce the difference of latitude, which i F. | 
1225 into miles, which will be found 85, ani tp. 
reckoning them upon the line AC, from A to G. ne 
accounting 6 to each diviſion ; reckon likewiſe 120 
upon the ſame line to E, and extending the thread 
to E, move it about till it cuts the parallel GF in * 
the point F, ſo ſhall you have the loxodromieł E corre 
triangle AFG, whoſe angle GAF of 45% wil 
give you the N. W. rumb line, and the line G 2 
will give you 85 miles for the difference in longitude, quad | 
which may be reduced to degrees {by Sed. 1.) WM bor « 
Ee. „ 
- Sailing from 36 degrees of north latitude, ande Th 


100 degrees of longitude, a ſhip is to be brought 
. 3 5 t9 


% 


t 1 


to a place i in the latitude 379 25˙ N. and in the 

longitude of 979 39, it is required to find her 
courſe arid diltance. Reduce both the longitude 
and latitude into miles, and you will find 85 miles 
anſwer both to the one and the other, which you 
are to number upon the line AC for the latitude to 
the point G, and for the longitude, from the point 
G upon the parallel GF to the point F; fo ſhall 
the line FA be the diſtance, viz. 120 miles, and 

the angle FAG will give the rumb line or courſe, 

VIZ. N, W. 


SECT. =, 


Departing from 36 degrees of north latitude, and 
having failed to 37% 25' upon a N. W. courſe, it is 
required to ind the fiance ſailed, and the differ- 
ence in longitude, Reckon the miles of the differ- 
ence in latitude, viz, 85, upon AC to G, the 
parallel GF cutting the N. W. rumb in the point 
F, gives F A for the diſtance 3 and F G for 
the ier in longitude. 


REMARKS. 


1. There is nothing particular with reſp to 
meien upon the quadrant. 


2. The: analogies may be all worked on the | 

quadrant, without recourſe to the table of lines : x 

For example, 5 
To find the amplitude, t there is TIT the toll 

ing analogy, | | 


| The fine com pl. of the latitude fm me total: 
of the dalle : fine of the amplitude, x 
"> _ 


|; 
| 
{ 
1 
{ 
| 
i 
* 
3 
3 
, 
1 


8 7 : 


ö Suppoſing then, that we were to ſeek the am- 


plitude in a place whoſe latitude is 389, and that 
the ſun's declination was 10 extend the thread 


from A to the 38 degree of the arch BC, and 


taking CR of 102, the parallel RO will cut the 
thread in the. point O ; transfer AO upon AP, 


and the parallel PT ſhall cut the arch BC in 
12 33, which will be the amplitude. The rea- 
ſon of which is, that in the operation 38 G, the 
fine compl. of the latitude, is to 38 A the fine 


total, as QO, the ſine of the declination, to A0, 
or AP, which will conſequently be the fine of the 
amplitude (by 4. 6. Eucl.) | 


3 In the ſame manner may be done thoſe analo- 
gies, where the tangents and ſecants are made uſe 


L of. For example, ſuppoſe this analogy, 


Tangent of the ſun's greateſt declination: tangent 
e the declination of 10 degrees : : fine total: 
fine of the ſun's diſtance from the neareſt equinty, 


Extending the thread through the 10% of the arch 
BC to get the 5 XB, and having transferred 
it upon the point 


„ fo that it may paſs through 
23® 29, which is the ſun's greateſt declination, | 


| hd tne parallel XZ cuts in the point Z, and the 


parallel ZV cutting the arch BC in'the point V, 
will give VC for the arch ſought. For ſo the 
tangent YB of 23 20 will be to the tangent XB, 
or ZS of 109, as-the ſine total AB, to the fine 


SA, or V to that which will conſequently be the 
arch ſought (by 4. 6. Eucl.) RES. 


E 
PROP. XVIII. 
O ſailing by Chart. 


The ſame rules before given, concerning the 

chart of diſtance, may be applied to the reduced 
chart with more eaſe and certainty in taking the 

ſcale of latitude. FETLER «484 bo” 


8E C T. 1. 


Departing from the point A, and ha- 5 
| ving made two degrees to the north, Fig. 26. 
and 240 miles to the weſt, the place of 8 
arrival is required. The 20 reduced, make 120 
miles which taken upon the ſcale, are to be laid 
down from A to B northwards, upon a line parallel 
to a line N. and S. then taking upon the ſcale 240 
miles, lay them down weſtward, upon a line pa- 
rallel to a line E. and W. and you will find the 
point of the arrival C: So that the line AC will be 
the diſtance failed, and the rumb line upon which 
the courſe was made. 8 | | 


-SROCT; I, 


Departing from the point A in the latitude of 2 
48˙ N. and having made a N. W. courſe; by an 
obſervation at noon, the latitude is found to be 1 
48 45 N. it is required to find the place of arri- 
val. Take 45 miles from the ſcale, and layin 
them down due north, you will find the point D, | 
from whence drawing the line DE to the weſt, _ | 
and from the point A the line AE to the north- 1 
veſt, the interſection E will be the place ſought. 1 


| 
. 222% 
E ; . | 


w 
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„ ene 5 
Departing from the point A, and having made WW « 
150 miles upon a N. N. W. courſe, the point of ar- WW © 
rival is required. Take 1 50 miles on the ſcale, and 
lay them down on a line parallel to the N. N. W. 
and you will find the point F, the place of arrival. 
s E CT. iv, 1 
Departing from the point A, after having ſailed thi 
. 130 miles, it appears by an obſervation, that the WF th+ 
ſhip has advanced 3o' towards the north, it is 28 
therefore required to find the place of her arrival. the 
From the point A, lay down 30 miles due north WF - 
to G, and draw GH due E. and W. then taking col 
130 miles, with that diſtance from the point A, to f 
make an arch cutting the line GH in the point H, eve. 
which point H will be the place of arrival. wh; 
Note, The arch is made to the eaſt or weſt, 2. tics. 
cording as the courſe was held. * +. PREM be { 
Being within fight of land, the point A is found 
to bear S. E. and the point B eaſt; it is require By 
to find the place of obſervation. Thro' the point Wl the { 
A draw a line parallel to the S. E. and through es: 
the point B a line parallel to the line due eaſt au vera! 
weft, and the point C, where the two lines inter riling 
ſect, will be the ſtation or point of obſervation. 3 
| 1 1 ance 
e thoars 
In the ſame manner, if we were at 230 mis 4505 
diſtance from the point A, and at the diſtance a 8 
85 miles from the point G; from the point 4 f 5 


deſcrive 


ae) 


deſcribe an arch with the radius of 130 miles, and 
from the point , another with the radius of 85, 
ſo will the point where the arches mis each. 
Es give the ſation. 1155 ; 


Wine in 


T heſe operations are eaſily perform'd with a FRO 
of compaſſes; for if one point be run along any 
line, the other point will deſeribe a line parallel 
thereto, ſince the compaſſes will keep the diſtance 

they are ſet to, which diſtance may be look d upon 
zs a line perpendicular to that upon which one of 

the points runs. 
| I fay nothing of keeping a journal, ſince the 
court has preſcribed a certain method, which all are 
to follow; beſides that my deſign is not to offer 
every thing that relates to navigation; but only 
what more immediately depends on the mathema- 
tics, otherwiſe ſeveral large volumes would hardly 
be ſufficient, + 


PpROrOS 11 ION che laſt 
Of Tides and Currents, © | 
By the Tide we mean that flux and reflux of 


ed 

ot WJ the fea, which is perceptible upon the coaſts of the 
oh Mediterranean; but much more ſenſible on the ſe- 
e veral coaſts of the ocean. The tides then, are that 


riſing and falling of the ſea, which is obſervable 
twice ee day, under the following circum- 
ſtances, 1. The waters are forced towards the 


motion of the waters is called the Flood; in like. 
manner they retreat again for 6 hours before lou- 
vater, and this laſt motion is called the EIB. 2. High 
tide does not happen at the ſame time in all places; 

but each place has a particular time for its tide. 
3. The 


4” 


ſhoars, 1 hours before high tide, and this 


O 


L 64 ] 


The time of the tides is not according to the | R 


ours of the ſun, but according to the hours of the 8 


moon, and as the lunar hours are later every day | | 0 
by 487, the tides are in the ſame proportion of — 3 
later. 4. The tides are higheſt at the full and ney 
of the moon, at the times of the equinoxes, and 
moſt eſpecially at the autumnal equinox. 
"COROLLARY, © oo 
To determine the time of high tide at any. place * 
for each day, two things are to be known. 1. At 


what hour of the moon, the tide comes to that 
place. 2. What hour of the ſun anſwers to that A 


lunar hour for each d | 15 - 
| 22 OH the 

| Y | n wh 
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Of the Situation of Ports. 


1. The ſituation of a port is that point of the 
compaſs, ſhewing the hour of the moon when high 
tide happens in ſuch port. Pilots diſtinguiſh the 


hours of the moon by the points of the compak, B 
beginning by the north and ſouth, upon which days 
they place mid- day and mid-night, allowingto each the . 
point of the compaſs à of an hour. Thus whenit | 

is laid that Breſt (or London) is ſituate N. E. au. I 
8. W. tis underſtood that high tide happen these, 7 
at the third hour of the moon. Jearf 


2. To find the ſituation of a port, it muſt once 
be obſerved, at what hour high tide happens, ewe 
then ſee what hour of the moon anſwers that dj 
to the ſaid hour obſerv'd, as ſhall be ſhewn below 
For example, the 16th of April 1729, I obſer 
at Breft (or London) that high tide happen'd at! 
hours 4, and 1 know that that 1 2 hours he a 

wer 


: F 


LEE: 
ſwers to 3 hours of the moon; therefore I con- 
W clude, that the ſituation of Bref# (or London) is 
3 hours, or N. E and S, WW. 
V 
Of the Hour of the Moon. ; 
The hour of the moon is the ſame with that of- 
the ſun at the time of new moon; lofing every day 
48/ or + of an hour. Knowing therefore the num- 
ber of days ſince new moon, we eaſily know what 
time the lunar hours are behind the ſolar. For 
example, if the moon is 6 days old, multiply 6 by 
+, and you will find 4 hours 4, or 4 hours 48, 
the time the moon has loſt with reſpect to the ſun, 
whence you may conclude, that noon. by the ſun 
anſwers to 7 hours + of the moon. | 


SECT. III. 


b Of the Moon's Age. 5 

f By the moon's age, we mean the number of 
Mas paſſed ſince the new moon. To determine - 
ble moon's age, we muſt ſuppoſe as follows: 


1. That the lunar month is ſhorter than the ſo- 
lar, nearly by one day, and conſequently the lunar 
year falls ſhort of the ſolar year by above eleven days. 


2. That the year before the birth of Chriſt, a 

new moon happen'd upon the firſt of March; but 
the year after, the new moon fell out 11 days before 
the firſt of March; nor did the new moon happen 

gain upon the ſame day, till after a revolution of 
I9 years: Thus every 19 years, beginning from the 
Nea before the birth of Chriſt, the new moon falls 


f. 


5 iner 1 
upon the firſt day of March; and theſe 19 yeas 
make up one compleat revolution of the moon. 21 


| 3. The moon's age cannot exceed 30 days "x 
therefore in every calculation of the moon's ag 0; 
30 muſt be thrown out as often as it is found.. th 
| ep 
4. The epact is che moon's age at the beginning 0 
of March; it ariſes therefore from the addition 21 
II days to the moon's age each year. 
5. The golden number is the number of yea 
paſs d ſince the laſt revolution of the moon. 
6. To find the golden number, add 1 to 


current year, and dividing the ſum by 19, then 

mainder ſhall be the golden number. For es 

ample, to find the golden number for the duc 
1729, divide 1730 by 19, and the remainder 

be 1 for the golden number. 


7. To find the epact, divide the golden num ran 
by 3, and if o remains, the epact is the ſame 
the golden number; if there remains x, add 108 
the golden number, and if there remain 2, a0 
and the ſum (rejecting 30, if exceeding that nu 

ber, as above directed) will accordingly be the epi 
For example, to find the epact for the year 17 
divide the golden number of the year, vi. 10 
and as the remainder is 1, add 10 to 1, the gol 
number, the ſum is 11 for the epact. Then 
ſon this rule is founded upon is, that as the e 
increaſes every year 11 days, and the golden nil 
ber 1 day, therefore to the golden number mul 
added fo many times 10, as there are units ab 

I; but as every 3 years make 30, which muli 
.. deducted, it is better not to add the tens till i 

you have thrown out all the threes, 8. f ö 

| ; n 


8. Having the epact, to find the moon's age for 
any given day, to the epact add the number of 
months paſs'd fince March, and the number of 
days paſs'd of the current month. "Thus to find 
| the moon's age for the 6th of Fuly 1748 ; to the 
epact 11 add 4 for the months paſs'd, and 6 the 
given day of the current.month, and you will find 


2 


21 for the moon's age. 
( the Time of bigh Tide. . 
Having the moon's age, and the ſituation of 


multiply the moon's age by 4, and divide the pro- 
Wouct by 5, the quotient gives the hours, and 
multiplying what remains by 12, you will get the 
Wninutes, which time being added to the ſituation 
f the port, gives the time of high water. For 
xample, to find the time of high tide at Breſt 
ot London) for the-6th of Fly 1729, multiply 
he moon's age, Which is 5 Hays (after having 
ſeducted 15 days, Which brings the moon to the 
ull, and 1 the — the ſun, as 2 
ew moon 4, the produst) will be 24, the 
ſt part o which ts 4 5 and the remainder 
ultiplied by 12, gives 48“, adding therefore 
hours 48', to 3 hours, the ſituation of Breſ, I 
d the time of high tide for the ſaid day, 7 
burs 48 e 5 
er. . 
Of Currents. 


e error ariſing from the wrong diſpoſition of 
e coaſts in charts, as in the gulf of Lions, 
ere the cape of Quiel is really much more 

IE. | weſtward 


the port, the time of high tide is thus found: 


We oftentimes attribute to imaginary currents. 


- 
- 
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 weftward than it is laid down; nevertheleſs we 
cannot deny but there are currents, and mote 
eſpecially near land ; and that it is of the u 
importance to have a due knowledge of tene 
It is no great difficulty to judge ef: them whe 
within ſight of land; but out at fea the moſt eaf 
method is, to ſet out the boat, and throwing aut 
a heavy grapling or other conſiderable weight 
with as much line as poſſible, the boat, as ifa 
anchor, will vere with the wind, if there be ny 
current; but if there be a current, and little q 
no wind, the boat will then drive with the cus 
2 and plainly enough ſhew which way i 
lets. d 


i 
' 


% 


or THE 


0 R K I N G 


OF A 
N F. 


n 


— 


ADVERTISME NT. 


4 5 HO the working of a veſſel is, aber 
7 X 4 iſpute, the moſt important knowledge 
; 7 with regard to the ſea-ſervice, yet no 
MN of one hitherto has writ a compleat treatiſe 
n the ſubject. F. Pardies, indeed, in his tract f 
bcal motion, has, in few words, given great light 
nto this matter; nor would it be difficult, from 
he principles he has advanced, to deduce all that 
nay be thought neceſſary on the ſubjeft. The 
luthor of the Theory of working a fbi 8 has entered 
to the matter more largely, and 7 oft ingeniouſſy 
1. ſclidly determined four or five of the moſt dif- 
cult propoſitions, The tract, ae The exerciſe 
f working a ſhip, is 4 * a very uſe eful work, and 


muf 


muſt be acknowledg*d a production ſuitable ta thi 
- great capacity, which all France admires in its muf 
illuſtrious Author. Nevertheleſs, theſe” ſeveral 
works: not ſeeming to me ſufficient to give à per 
Anotoledge in thisart, I have undertaken-the full. 
ing tract, wherein I have endeavoured to explain in 
order, all the ſeveral movements of a Veſſel, with? 
the rules for their proper application. i have, i 
the cleareſi manner I was able, laid down all 1 
thought proper for my deſign, believing I bad mar! 
reaſon to fear. cenſure, for omiſſions of any thing ne 
eeffary to the inſtruction of thoſe for whom TI write 
than for the publication of what might otherwiſe 
baue been better concealed from Strangers. 


Ly 


Caution to the Engliſb Seaman. We 


To this advertiſement of the Author's concerning 
the original, I beg leave to fubjoin the fallnoing 
eaution to the Engliſh Sailor, with reſpect to tht 
tranſlation: That he would not be prejudiced 
againſt the work, upon fometimes finding the 7 rench 
practice different from the Engliſh; For ibo th 
reaſons why a thing is done, may not be affetted b 
the manner in which .it is performed; yet if as 
cording to the worſt way of performance, the tt: 
q peediency of the thing b demonſtrated; certainh 
lt the better method is thereby more abundant) 
juſtified. Therefore as the Theory here laid dow 
= will be 9 univerſal, and as the Engliſh am 
il! confeſſedly the befl navigators in the warld, in 
= application to their practice will conſequently appul 
1 the moſt natural; and will probably furniſo mai) 


*ſeful hints for future improuements. 
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Of the Working of - a: Ship. 


7 V the working of a ſhip, is here 8 the 5 
D art of giving a veſſel all the motions of which 
jc is capable, and the giving them properly. 


We ſhalt divide this tract into three parts. In 
e firſt of which we ſhall conſider the uſe and 
ec of ſeveral inſtruments made uſe of to put a 1 
dip in motion. In the ſecond, the ſeveral ways c 3 
f turning; a ſhip. And in the third, lay down 0 
les for navigating a veſſel upon the open 2 
om one port to another. 


DEFINITIONS. 


k : 

. The HAotion of a body, is that which carries 

LW ucceffively, from one place to another, . — 

. The Direction of motion, is the right line {18 

g which the body is moved, or determined to 118 

„ec, and through which it moves it- | 

in effect when free. Thus when Fig. 1. { 

a: body A is determined to paſs along 14 

lie AB, the line . is <all'd The direfion Ee it 
notion. | | or C | 


3 The Vi SY may be ee as a great i {1H 
mber of little bodies of air thruſt along in — 
alle] lines. Theſe lines compoſe what may be 

'd a Bed or Body of Wind; fo likewiſe a 
rent is a great number of drops of water, 


--, 


-  -puſhed-forward in 
| Body of the Current. 


A, on the line AA, perpendicular to the*ody 


is, becauſe if two veſſels D and E, depart at! 
the ſame time from two points of the line AA, 


wind, they will meet each other at the point , 


at i 
parallel lines which form the 


4. In each of theſe lines Which fan the body 


of wind, may be conſidered two points, of which 
the neareſt to the riſe of the wind, is ſaid to be 


to windward of the other, For example, if the 
c.orpuſcules which compoſe the body of} 


Fig. 2. wind are thruſt from the points A, to 


the points B, we ſay the points A, and: 
the points C, are to windward of the points B; 
and that the points B are to lee ward of the point 
A and C. We ſay likewiſe, that all the pointy 


of wind, are equally to windward, The reaſon! 


and move with equal velocity along the line} 
E F and DF, equally inclined to the body df 


and neither ſhall paſs to windward of the other. 


. Suppoſing again, the wind to blow from f 
to 8, if a veſſel made her courſe from B to A, it 
would be ſaid ſhe went in the wind's eye, «t 
directly againſt the wind, which is impoſſible; 
ſo likewiſe, if a veſſel ſail along the line BG, 
ſhe would go leſs to windward, or leſs againſt the 
wind, than in the line BA; but more to wind wal 
than in the line BH. 1 . 


6. We ſay a veſſel comes to the wind, or comet 
to, when ſhe ranges on a line more contrary t0 
the direction of the wind; and that ſhe Wale 
or falls off, when ſhe ranges on a line leſs contrat 
to the wind. For example, if a veſſel on bs line 
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BH, ſhould range on the line BG, ſhe comes too : 


but if being on the line BG ſhe ſhould range _ 
the line BH, ſhe Wares. | 


7. When : a veſſel keeps aline the moſt contrary 
to the wind that ſhe can ſail on, ſhe is ſaid to 
ſail upon a wind; but when ſhe runs upon a line 


nearly perpendicular to the courſe of the wind, 


we ſay ſhe fails with a large wind; and havi 


the wind right a ſtern, ſhe then ſails before the 
wind, : 


3 0 


1. If in the ſame time that the body 

A, moves from A to B, in the canal Fg. 3. 

AB, the canal itſelf is carried from 

AB to CD, the body A ſhall move in the dia- 
gonal AD, and its true motion be compoſed of 
the motion carrying it from A to B, and of the 

motion whereby it is carried with the canal .from 
AB to CD; that is to ſay, if the body A moves 

in the diagonal AD, two motions may always be 

liſtinguiſhed, one approaching the line BD per- 


pendicular to the canal AB, the other approaching 
he line CD, N to AB. 


2. A body in motion wil only a& on ſuch 
chers as oppoſe it. Therefore the body 

\ moving along the line AB, parallel Fig. 4. | 
p the line CD of another body, will 

preſs no motion on it; but moving Fig. 5. 
the line AC, perpendicular to CD, 

will then communicate all its motion. F Aber, | 
the motion of the body A be along the diagonal 


D, it will communicate | in the point P, only the 
Vol. 8 E ; 


motion 


bo 


„ = 
motion approaching the line CD ; that is, it will 
make the ſame impreſſion as if it had fallen upon 
CD by the perpendicular AC, or BD, provided 
it took up the ſame time in running through BD, 
as it does in running through AD. _ 


„ 


— 


From whence it follows. 1. That when the 
body A falls upon CD, in the diagonal AD, its 
own. motion is to that it communicates, in pro- 
portion as the fine total AD, is to AC, the ſine 
of the angle of incidence ADC. 2. That the 
body A does not force the body CD, by the direc- 
tion AD, but. by a direction perpendicular to the 
face CD, v:z. AC or BK. 3 


R E M AR K. 


. Le body CD thus thruſt, does not 
Fig. 6. in effect move in the direction BI) 
perpendicular to the face CD, but unde 

two conſiderations. 1. That all parts of the bo 
CD receive the ſame impreſſion, all being {truck 
in the ſame manner, or that the impreſſion mai 
on the point D, which is ſuppoſed. the center 
gravity, be equally communicated to all the oth 
parts. 2. That the ſevera! parts of the body 
have all the ſame ſacility of moving. 


| 4. If an infinite number of cylinda 
Fig. 7. EF, fall perpendicularly upon the fi 

Ag ofa body, they will have a great 
effect than if they fell upon the two faces 4 
and BC; becauſe to the plane face AB, tif 
would communicate all their own motion, but 
the faces/AC, BC, only a motion in propori( 
to their own, as the fines of the argles EFC;! 
the ſine total: From whence it tollows, I 


11 1 10 


body AB will more eaſily divide the water in 
preſenting its two faces AC, BC, or its convex 
face A B C, than in preſenting its Plane face 
AR | 


5. When the wind which ſtrikes a ſail, be | 
two things happen: 1. Each of thofe little bodies by 
which compole the wind, puſn the ſail with greater ; 
force, 2. A greater number of thoſe little bodies | 
ſtrike the ſail in an equal time. From hence it 
follows, that the motion which the wind impreſſes 
on the ſail, increaſes in a PO 1 to 
its — 2 


* 


6. The difficulty which a ſhip Gndb in \ dividing 
the water, ariſes froth that the water ſtrikes the 
ſhip with the ſame force, as if ſhe remained im-- 
moveable, and that the water came againſt her 
with the ſame velocity as ſhe moves againſt the 
water. From whence it follows, that the difli- 
culty of a ſhip's cutting the water, increaſes in a 
duplicate proportion to her velocity; for the faſter 
ſhe moves, 1. Each particle of water ſtrikes againſt 
her with greater force : 2. A greater number ot 


ſuch particles ſtrike againſt her 1 in an equal ſpace of 
time, | 


7. From which r it follows, that the 
Finde elocity of a ſhip increaſes only as the roots of the 
the Voorces which give it motion. 


Nen 8. If 

ces A | 
B, iP — — — 

1, DU Of the motion of Fluids, and the Nn 
ropor made to projected Bodies; Vide Sir JJ,. . $ 

EXC „cia, Book II. Sect. 7. | 8 
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8. If the fail AB be el ood 

to the wind, and another equal fail 

Fig. 8. CD be ſet lant-ways, the impulſe on 

: the ſail AB will be greater than on the 

| fail CD, in two reſpects; for 1. The force of 
each particle of the wind upon the fail AB, in 

compariſon' with the ſame particles on the "Ga 

Cd, is as the fine total GE, to the fine GH of 

the angle of incidence CEG (by Sup. 2.) 2. The 

quantity of wind which ſtrikes the ſail AB, in 

compariſon with the quantity of wind firiking the 

fail CD, will alſo be as the fine total EA, to the 

' fine F 6, of the angle of incidence CEF. From 

whence it follows, that the impulſe upon the fail 

AB, will be to that upon the ſail CD, in a dupli- 

cate proportion of the {ine total, to the ſine of the 

angle of incidence GEC, and univerſally the im- 


- pulſes which a fail receives from the ſame wind in 0 
different ſituations, are to one another as the ſquares 
of the ſines of the angles of han which the th 


wind makes upon the fail. 


PART 


Of the INSTRUMENTS made uſe of to put a 
| Ship in Motion. yl 
P R O p. * 
Of the Hull or Body of a Ship. 
HE whole figure of a veſſel may. 


es be referred to two profiles, viz, 15 1 
he the vertical A, and the horizontal 83. 


1. The profile A, ſhews that a veſſel naturally 
preſents her head to the wind, and the profile 
B, ſhews that ſhe as naturally preſents her head 
to the current; for in that poſition only, the wind 
or current have the leaſt hold of her, and ſtriking, 
equally on each ſide, keep her as it were in a 
perfect equilibrium. | Ln 


2. It does not hence follow, that if the hull of 
a ſhip were floating at liberty in the middle of the 
ſea, that it muſt needs always prefent its head to 
the wind ; becauſe in proportion as the ſhip gets 

ern- way, the water abaft getting more power 
of her ſtern, forces it up againſt the wind; but 
the wind in its turn, as it thereby obtains a greater 
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| E 3 hold; 
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hold, repels it back again; the ſhip therefore cannot 
keep one conſtant ſituation; but muſt ſometimes 
offer her head, ſometimes her ſtern; but moſt com. 
monly her ſide to the wind. 


3. Tis not the ſame in a current; for if the 
veſſel be therein free, ſhe will conſtantly prefent 
her head to the ſtream, for the reaſons before 
given; becauſe the water abaft, being carried onas 

. faſt as the ſhip, does not conſequently ſtrike againſt 
| her counter. e 
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4. If a ſhip could be fo fix'd in the ſea, as to | 
[ turn eaſily about her center of gravity, ſhe would 1 
j | conſtantly preſent her head to the wind, or the 
I current. | 19 | 
[7 5. So likewiſe, if a ſhip without wind er cur. Wi ' 
4 rent, was moved by a power applied to its center of Ji 
4 gravity, which would admit its turning any way, 1 
he would go head foremoſt, becauſe the water, b 
which is ſuppoſed motionleſs, would have the ſame th 
effect upon a veſſel in motion, as a current woull Wl 1 
have upon a veſſel not in motion. „ a 
Shs | | e 
_CTCTOROLLARYES. = 1h; 
1. From theſe conſiderations, we ſee why ſhips ſhe 
ſo eaſily come to the wind, and why it is necellary Wl © 
to increaſe the head ſails, to make them ware. lide 

2. The reaſon is as clearly ſeen, of a ſhip's falling 

off as ſoon as ſhe gets ſtern- way, and why ſo long 
in ſtaying when ſhe runs a- head; for when ſhe goes * 
| 


forward, the water ſtriking on both ſides, hinders 8 
her from readily turning either to the right or left; he 
whereas in her recoiling or ſtern - way, the 1. 

5 | < aba 
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abaft thruſting up her ſtern, cauſes her to fall off, 
as ſoon as ever ſhe loſes her perfect <quilibrium. 


6. If a ſhip were perfectly round, ſhe would 
always keep the direction of motion given her; 
but being of a figure more adapted to cut the 
water with her ſtem, than with her fides, ſhe 
does not always follow that direction of motion; 
for example, Suppoſe the veſſel KB, 
forced along by the fail CD, whole Fig. 10. 
direction is EF; if the veſſel were 
round, ſhe would keep the direction given, and 
fail on the line EF, and conſequently the motion. 
ſhe would receive from the fail in this diſpoſition, 
is a compound of two motions, one carrying her 
Rraight forward, the other ſide-ways. Or if the 
ſhip had the ſame difficulty to divide the water 
with her ſtem, as with her ſide, ſhe would keep the 
line EF; that is, ſhe would gain the length EA, 
right forwards in the ſame time, that ſhe would 
en Lain AF fide-ways. But if a ſhip finds ten times 
ne the difficulty to divide the water with her fide, as 
ll WT fe finds in dividing it with her ſtem, ſhe will then 
| gain but the 2 of AF, viz. AG, in the time of 
her gaining the length E A; and conſequently 


ſhe will be found at the point G, at the ſame time 


ſhe would have been at the point F, if ithad been 
as eaſy for her to have divided the water with her 
ide as with her ſtem. * | 


R E M A kw 


1. The line EG will be the true courſe of the 
veſſel, and the angle AEG the angle of variation. 
The line AG will always be to the line AF, as 
the difficulty the ſhip finds, in dividing the water 

_ 54. Oo 


my 80 1 
by 10 Wt, is to that ſhe finds in dividing it by 
her fide. | 


25 The pen” AEG, changes, 400 * 
greater, in proportion as the angle AEF is in. 
creaſed; for the tangent of the angle AEG is 
1 tangent of the * AEF, as AG to 
A 


— 


»% 


7. If any obſtacle abſolutely takes off the file 
motion of a veſſel, ſhe will keep the line EA, 
and will arrive at the point A, in the ſame time 
ſhe would have come to the point F, if the could 
as eaſily have cut the water with her ley as with 

her ſtem. | 


4 
a ' 


COROLLARY. 


Fr hence it folloms; that if a veſſel did not 
fall off, and a ſemi-circle were made 

Fiz. 11. upon the line of direction EF of the 
fail, the veſſel would arrive in the fame 


|} time at any intended point of the ſemi-circle; 

| that is, ſhe would come in 'the ſame time to the g 
Wi point H, or the point I, as to the point F, if ſhe 0 
1 had no more difficulty in in the water by bet 2 
wil ſide than by her ſtem. B 
11H 8. As all veſſels do not fall off alike, it hl 
Wl | neceſſary to find the lee-way of at h 
19 Fig. 10. particular veſſel; which may be thu * 
1 done. Suppole the ſhip AB advancing A 
1 towards ſome coaſt; take notice of ſome remall ” 
1 able point, as H on the ſhore towards which {it 0 
| = is advancing, which you may obſerve two wah he 
if 1. Set the point H by the compaſs from time! F 
1 tim 1 
| 

. 
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time, and if you find it always in the fame rumbs 
tis an infallible mark, that the ſhip fails on the 
line EH. 2. If the point H anſwers to ſome 
other point as I, and continues to do ſo after the 
ſhip has ſail'd ſome time, it is evident the ſhip keeps 
her courſe EHI. When by one of theſe methods 
you find the ſhip keeps the line EGH, you may 
compare the angle AEG, with the angle AEF, 
by the following analogy 3 „ 


The tangent AG of the angle AEG: the tangent 
AF of the angle AEF: : the difficulty the ſhip 
finds in dividing the water by its flem : the diffi 
culiy of dividing the water by its ſide. <4 


REMARKS 

I. As the waves and currents render this experi- 

ment very uncertain, it muſt be frequently repeated, 
and that under different circumſtances. \ 


2. The hull of a ſhip is alſo in ſome meaſure. 

to be conſidered as a ſail, giving the ſhip a di- 
rection perpendicular to that of her keel; this 
direction with that of her fails, compoſe a mean 
direction between EF, and EL, and with this 
mean direction the lee-way ſhould be computed : * 
But as the thing is indeed impracticable, tis ſuf- 
hcient to make the experiment as before directed, 
with the ſail ſet in different poſitions ; when if 
the ſame ratio is conſtantly found between AG 
and AF, it may be concluded that the ſhip's bult 
makes no difference in the trial; but if the ratio 
of AG to AF, is found leaſt when the ſail is 
ſharpeſt trim'd, the difference is juſtly attributed to 
the ſhip's hull ; and the remedy is to brace the fail 
in proportion to ſuch difference. | 
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9. If a ſhip AB, were of the ſame figure, both 
bead and ſtern, we might from thence draw the 
following concluſions, 1. That if her 

Fig. 12. head A only, were puſh'd in a direction 
| perpendicular to her keel, ſhe would 
turn about, and the center of her motion would be 
_ evidently in her ſtern B; fo likewiſe if ſhe were 
_puſh'd by the ſtern, ſhe would turn about her 
head A. = | e 


2. If ſhe be puſh'd at the ſame time on the 
ſame ſide, and with equal force in the points A 
and B, her movement will be in a line perpen- 
dicular to her keel. 3. But if ſhe be puſh'd on 
different ſides at the ſame time, ſhe will then tum 
about her center of gravity. 


10. The form of a ſhip gives her a greater 
facility of dividing the water with her 
Fig. 13. head than with her ſtern : If the vellel 

AB be puſhed by the ſtern B, with a 
direction perpendicular to her keel, ſhe will not 
turn about her head A, but about. her center of 
gravity ; whereas, if ſhe be puſhed a head with 
a direction perpendicular to her keel, ſhe will 
turn about her ftern B, unleſs at the ſame time 
ſhe be puſhed on the contrary fide a-ftern, for 
then ſhe will turn about her center of gravity. 
From whence it follows, that when a ſhip turns, 
ſhe almoſt always turns about her center of gravity; 
becauſe ſhe is almoſt always thruſt fore and aft on 
oppoſite ſides. Theſe rules are ſo plain they need 
no farther explanation. SEE + 


it will appear, that the moſt advantageous ſitua- 


k 
; Pro 8 

858 the Rudder. 5 

"x Suppoſe AB the keel of a ſhip, 


and BC the rudder inclined upon that Fig. 14. 
keel; as the keel moves forwards, the _ 
water will have the ſame effect upon the rudder, 
as if the keel remained immoveable, and the water 
run a ſtern in lines parallel to the keel, with the 
ſame velocity as the keel advances; that is, the 
water will ſtrike the rudder by lines ſenſibly parallel 
to the keel, and puſh it back with a force propor- 
tionate to the velocity of the keel. | 


2. All the parts of the rudder being ſtruck 
with the ſame force, it will be.repelVd in the 
ſame manner as if the whole force which ftrikes 


it were united in its center of gravity D. Draw 


the perpendiculars. DF upon the keel continued, 
and DG upon the rudder :. if then the abſolute 
force of the water be meaſured by the line BD, 
the impreſſion it makes on the rucder ſhall be 
meaſured by DF the fine of the angle of inci- 
dence BDE, and the impreſſion of the rudder 
on the keel by FB. the ſine of the angle of in- 
cidence BSD (by Sup. 2.) But fince the im- 
preſſion of the water on the rudder increaſes in a 
duplicate ratio of the ſine of the angle of in- 
cidence (by Sup. 8.) it may be concluded, that 
the force of the rudder upon the keel may be ex- 
preſs'd by the product of the fine BF, multiplied 
by the ſquare: of the ſine DF. Thus by a trigo- 
nometrical calculation may be found, the force of 
the rudder upon the keel in every poſition ; and 


LON: , 


RE. 8 
tion of the rudder, is when it makes the ande 
CBG with the keel continued of 5% 44. For 
if the ſaid angle be made either more or leſs, the 
force of the rudder upon the keel will be di- 
miniſhed. * 


. N | 

1. Care ſhould be taken that the helm be never 

fo far put over, as to make the-angle CBG of the 
rudder with the keel more than 54% 44'. 


2. Though the more the rudder be inclin'd, 
the more it ſtops the ſhip's way, it does not there- 
fore follow, that the foregoing propoſition is the 
leſs exact, as the Author of the Theory ſeems 
to apprehend ; ſince the impulſe of the rudder is 
given before the ſhip's way is loſt, and her after- 
motion, is according to the firſt ſtroke of the water 
againft the rudder. * 38 


3. Another remark of the ſame Author's is 
better founded, for it is true, that a ſhip's not 
always advancing in a line parallel to her keel, 
does ſomething affect the ſaid rule; for the ob- 

| lique 
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*The Author here gives an algebraical calculation of 
the molt advantageous angle the rudder can make with 
the ſhip's keel; as likewiſe he does at the end of the 
18th Prop. of the moſt advantageous ſituation of the 

fail with the wind; but as he has inſerted no Tract upon 
the ſubje& of Algebra in his collection, but ſeems to 
have purpoſely omitted it throughout his whole ſcheme, 
J rather chuſe to leave out the ſaid calculations, than 
unproperly (I think) introduce them into a Work, 
wich the Author himſelf, in the projection of his 
Plan, icems to have thought compleat without Algebra. 


rf 95 J 


lique way of a ſhip requires that the angle of incli- 


nation of the rudder with the keel -prolong'd, be 
greater when the rudder is to leeward, and leſs 
when to windward. WT | | 


4. When the rudder BC is to leeward, it puſhes 
the after part of the keel to windward, and makes 


the head of the veſſel fall to leeward ; on the con- 


trary, if the rudder is to windward, it thruſts the - 
aſter part of the keel to leeward, and makes the 
vellel come to the wind. 


5. This is to be underſtood when the ſhip has 
head-way; but if ſhe goes a ſtern, the effect of 
the rudder is quite different, for the water which 
is behind her ſtrikes it in the direction HD ; ſo 
that in ſtern- way, if the rudder be to leeward, it 
brings her head to the wind; if to windward, the 
contrary. 6 85 1 3 
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Px ov. III. 
_ Of the Sails in general, 


1. Sails have the more force the higher they are 


| hoiſted ; not becauſe the. maſt is a kind of Lever, 


as ſome of the ancients thought ; for it is ver 
certain their height does not increaſe their proper 
motion in that reſpect: But the greater force they 
obtain in that ſituation is occaſioned by the wint's 
blowing more freſh aloft, where its motion is leis 
impeded by the vapours of the earth or ſea ; beſides 
that the higher the ſails are hoiſted, they are the 

more expoſed to the wind. 2, 15 


2. Sails have more force the taughter they are 
hoiſted, becauſe, 1. They catch more wind. 2. The 
; | e r 
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wind ſtrikes them more directly. 3. The im- 
preſſion they receive is more uniform. For ſußp- 
poſing the taught fail AB, and the 
Fig. 15. concave one AC B; 1. The taught 
fail AB, ſhall take as much wind, as the 
concave one ACB, though it be larger. 2. The 
wind communicates all its motion to the taught 
ſail, as it falls perpeadicularly upon all its parts; 
but to the concave ſail, only a motion in propor- 
tion to the angles of incidence (by Sup. 2.) If 
the wind does not fall perpendicularly upon the 
fail, but ſtrikes it obliquely by the lines AD, CD, 
BD, the wind will hardly have any effect on the 
windward part of the concave fail, and its impulſe” 
upon the leeward/ part, to which it is more per- 
pendicular, ſerves ſcarcely for any thing elſe but to 
flat off the veſſel, becauſe it is nearly parallel to her 
keel; nay, it often happens, that that part of the 
ſail near the clue, when the ſheet is haled aft, proves 
intirely a back ſail, and is of great diſadvantage. 


. Theſe conſiderations ſhew how much they 
are deceived, who cut their fails ſo as to bag in 
the middle, imagining that ſuch. bagging' gives 
the wind a greater power, eſpecially when failing 
cloſe upon a wind ; whereas, indeed, the part 
| bagging out is hardly ſtruck at all by the wind, 
and is only fill'd with eddies from the adjoining — 
parts of the ſail, which have no force at all. 


4. For the ſame reaſons the top ſails haves 
greater effect upon a wind than the lower ſails; 


for the lower ſails not having yards to ſpread thei the be 
at the foot, do not oppoſe the wind ſo flat. How ſheets 
ever in failing cloſe upon a wind, the lower fall " ne 
are not to be brac'd with the foot withdut boat e 


— becault 
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becauſe then not having A ſufficient power to trim 
them taught, they will become in a manner uſeleſs; 
they are beſt ſpread by belaying the tacks and ſheets 
to cleats, faſtened to the ſhip's ſide, in ſuch man- 
ner that they may be brac'd by the yards above, as 
the top ſails are by the yards below,*" "= 


| 5. Solikewiſe thoſe top ſails, whoſe lower yards 
are too long, are not ſo fit for failing cloſe upon a 
wind, becauſe they cannot be hald ſufficiently 
taught. It is likewiſe proper the main ſail ſhould 
be ſo cut, that the parts neareſt the clue may not 
bagg when the ſhip is cloſe upon a wind, becauſe 
the direCtion of thoſe parts would rather hinder 
her way. | | 


6. When the wind EC is perpen- © 
dicular to the fail AB, and the fail Fig. 16. 
AB perpendicular to the keel CD, te 
fail AB is thruſt with the whole. force of the 
wind, and communicates its whole motion to the 
keel, moving it a-head in the direction CD; fo 
that this Diſpoſition of the ſail with the wind, 
and with the keel, is the moſt advantageous for 
making head-way with only one ſail: But in ſhips 2 
| which 2 1 


** » 2 
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When a ſhip is to keep cloſe upon a wind, the 
El manner of trimming the ſails is as follows: The 
main-tack fore - tack, and mizzen- tack are brought cloſe 

by the board, and over-hal'd as forward as may be; 
the bowlines are the ſame on the weather ſide; the lee- 
ſheets are hal'd cloſe aft, but the lee- ſheet of the fore. 
fail not ſo cloſe as the others, unleſs the-ſhip pripes ; 
the lee braces of all the yards are braced aft; and the 
lop-ſails are braced, and govern'd as the fails to 


— 


Wich they belong. 
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which have many ſails in this diſpoſition, thoſe a. 
ſtern will keep the wind from filling thoſe a- head, 


therefore ſhips make moſt way when the wind is. 


juſt a-baft the beam; at leaſt if there does not 
run too great a ſea. And fome Corfairs in chaſin 

a veſſel which ſails before the wind, allow them- 
ſelves two points of the compaſs ſometimes on the 
ſtarboard, and ſometimes on the larboard fide, 
in order to come up with her the ſooner. It is 
not altogether the ſame thing when the ſea runs 
high, for the waves ſtriking upon the ſhip's coun- 


ter, ſupply the deficiency of the wind on the head 


fails, and would make the ſhip fall very much 
off, if ſhe were not exactly in the direction of the 
wind. f | 


7. When the ſail: AB ick with 


Fig. 17. the wind, the impulſe it receives there. 
from, decreaſes in a duplicate propor- 
tion of the ſine of the angle of incidence (by 
Sup. 8.) and when the fail 
keel CD, it will communicate thereto all its own 
impulſe ; but fince its direction is not right a- head, 
the head motion it wil impreſs thereon, will de- 
.creaſe as the fine CD of its inclination with the 
keel. 1 . 5 


38. Square ſails have a greater power than tr- 
angular ones, as being larger; but then they te- 
quire more rigging, are more difficult, and flowin 
handing, beſides that they are more dangerous. 
From whence comes thats diverſity of ſails made 
uſe of in different veſlels. | | 


9. The moſt advantageous ſituation of a tii- 
angular fail is, when the yard ſtands before ty 
f , | | | malt; 


B, inclines with the | 


1 

maſt; becauſe were it behind, 1. It would caufe 
two baggings on the two ſides of the maſt, which 
would render a great part of the ſails uſeleſs. 2. The 
yard would bear harder upon the maſt, and make. 
it more in danger of breaking. 3. The wind would 
have power of the fail before it is brac'd, which 
would put the veſſel in danger of overſetting, if the 
wind ſhould take it when it is in a poſition parallel 
to the Ke OB No | 


Of the Head Sails. 


1 E head fails ſerve to keep the _ 
veſſel ſteady, hindring her from ſheer- Fig. 18, 


ing to and again ; for ſuppoſe AB the | 
veſſel, if ſhe be only impell'd by her main maſt. 
CD, her fore-part B will indifferently receive 
every motion of the bodies it meets ; for ſince the 
motion of the point C tends preciſely only to the 


carrying the point C forwards, it will only have 


its full effect upon the point B, when the faid 
point B is preciſely right before the point D, and 
conſequently will not hinder the point B from re- 
ceiving from the waves, a motion carrying it either 


to the right or left, * But if the point B is fix'd 
to a power, which will carry it right forward, 


i 
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Our ſhips have but one triangular ſail bent to a yard, 
dix. the mizzen, which is ſhifted to lee ward of the maſt 
every time the ſhip tacks, and can therefore be of no ill 
conſequence. But there are certain ſmall veſſels much 
uſe! in the Mediterranean, which have only triangular 
fails, as likewiſe have their gallies; but ſtill in goi1 
about, they are always ſhifted to leeward of the maſt, 
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point B, which would otherwiſe throw her off to 


chiefly ſerve. 


it will impreſs on the point D, a motion whole 


keel, 
head ſails are braced, the ſooner the veſſel wares, 


wind upon the fail is increaſed, viz. FIBB, and 
conſequently the motion the ſail receives from the 
wind (by Sup. 8.) 2. The angle EDH is in- 
creaſed, and conſequently the force of the fail to 


theleſs the wind FD may ſo come from a- baſt, that 
in bracing in the lee-brace, the angle of the ſil 


it will draw after it the reſt of the veſſel, and 
the water which ſtrikes againſt both its ſides, will 
keep the ſhip in equilibrium, and ſo overcome 
the motion which the waves would impreſs on the 


the right or left, and to this purpofe the head fails 


2. The head fails, when brac'd ſharp to the 
wind, help a ſhip to ware. For let the 

Fig. 19. ſail AB inclined upon the end of the 
keel, - receive the wind FD from abaft, 


direction will be DE (by Sup. 2.) and which 
will conſequently be compoſed of two motions, 
the one carrying the point D right forward, and 
will be expreſs'd by the fine DH, of the angle of | 
the ſail with the keel; and the other catrying 
the point D ſideways, and thruſting it to leeward, 
with a force expreſſible by HE, the ſine of HDE, 
the complement of the angle of the ſail with the 


3. From whence it follows, that the more the 


as having more force to flat her off; for in bracing 
the yard A of the fail AB, 1. The angle of the 


thruſt the point D to leeward (by the prec.) This 
rule is commonly found true in practice. Never 


with the wind, may be ſo diminiſhed, that * 


1 

{ail may loſe more of the force it receives from the 
wind by the diminution of the angle FDA than it 
acquires by the augmentation of 3 HDE, 
to make her ware. But this can only happen to 
ſuch ſails as may be ſo braced as to become nearly 
parallel with the keel. N 9:08 Fo 


4. If the wind DF take the fail 
AB a-back, the veſſel will either fall Fig. 20. 
off, or come to, according as the lines | 
FD divide the angle of the ſail with the keel; 
that is, if the line FD divide the obtuſe angle of 
the ſail with the keel, ſnhe will fall off; but if the 
line FD divide the acute angle of the ſail with 
the keel, ſhe will come to; in both caſes the ſine 
EH, of the complement of the angie BD H, 
meaſures the force of the ſail, either to flat her off, 
or bring her to. 5 e 


5. In the firſt of theſe two caſes, it commonly 
happens, that the more the ſail is inclined with 
the keel, the more the angle of the wind with the 
ſail is augmented ; and conſequently the more the 
the WY fail is inclined, the more force it has to make the 
es, WY chip fall off. But it is not the ſame in the ſe- 
ing Wi cond caſe ; for if the yard be too much brac'd 
the I in, the angle FDB of the wind with the fail 
and Wi vill be diminiſhed, and may become ſo acute, 

1 the Wi that the wind ſhall hardly have any force upon | 
in- the fail. It is therefore neceſſary, that the angle 
il i FDB be always greater than the angle EDI, Na” 


Thi ince the force of the wind upon the fail increaſes 
ever" in a duplicate ratio of the fines of the angles FDB; 
„tha whereas the force of the fail to bring the ſhip to tie 


wind, increaſes-only in-proportion as the fines of 
ae angles EDH. In ſhort, it is eaſy to deter- 
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mine in all caſes, the meaſure of the angle FDF 
which ſhall have moſt power to bring a ſhip to 
the wind; ſince the product of the ſquare of the 
ſine of the angle FDB, by the fine of the angle 
HDE, expreſſes the force of the fail in bringing 
a ſhip to the wind, and conſequently the angle | 
FDB will be moſt advantageous, when it makes 
that product greateſt, _ A table might eaſily be cal. 

culated for this purpoſe, if 'it be found uſeful in 

practice. e | 


mm” mc . 1 W 1 3 


— 


6. What has been ſaid of the head ſails, may be | 
applied to the ſprit-ſail, which is ſtill more uſeful in 


flatting off, or wareing a ſhip, as it is farther re- : 
mov'd from the ſhip's center of gravity, and is ca- a 


pable of being brac'd ſharper, as not being hinderd 
by the-ſhrouds : Its chief uſe being to keep the ſhip 4. 
from ſheering backwards and forwards ; for being 
very much inclined a-head, it greatly checks the 
riſing motion which the waves impreſs upon tbe 
head of the ſhip. | *EGE-4 


7. The fore ſail, and fore top ſails being ſitua- 
ted upon the end of the keel, have all the effech 
of the head fails. 1. They hang ſomething for. 
ward, to prevent the veſſels ſneering. 2. The fore 
fail is narroweſt at the bottom, that it may more 
eaſily be brac'd taught, 3. The fore ſail and fore: 
top fails have but little force(the ſhip wareing) when 
their lee-braces are hal'd in cloſe, becauſe then the 
angle they mike with the wind is very ſmall, though 
that which they make with the keel is large enough, 
4. For which reaſon when they would ware expe 
ditiouſly, they hale in the weather braces as clok 
as poſſible, which makes the ſhip immediately fal 
off; for ſo they call this way of wareing, by lh. 


ing 


% 


oF 


explain'd above. 6, The fore fail and fore-top ſails 
may alſo, if laid a-back, bring up the ſhip to the 
wind, notwithſtanding they ſtand per- : | 
pendicular to, the keel. For let AB Pig. 21. 
repreſent a ſail perpendicular to the keel f 


at the ſame time the wind will find better hold on 
the ſtern, it will conſequently puſh it to leeward, 
and make the ſhip loſe its equilibrium, the water 


doo a-baft, having better hold on the windward 
ede of the ſhip's counter, and puſhing it likewiſe 
rf to leeward, the veſſel will be in danger of turning 


quite round; to hinder which effect of the fore 


15g the head ſails a. back. 5, The fore ſail ſery 
likewiſe to turn to windward, after the manner 


CD, and the courſe of the wind be CE, the | 
ail being thruſt by the wind CE, will force the 
veſſel back by the direction CD, (Sup. 3.) but as 


I ſail, they put the helm a- lee, that ſo the water a- 
mt ſtern puſhing the rudder DF to windward, may re- 
. iſt the wind which thruſts the ſtern D to lee ward. 


PR OB. V. 
tua- 8 Main Sail. 
Feds EE, | | 
10 1. The motion impreſs'd by the main fail on 
TOI 


a ſhip, tends directly only to move that part. of 


more the veſſel where the main maſt is fix'd, viz, its 
fore: enter of gravity, communicating to the other 
when parts no more force than is neceſſary to move on 
en tie be ſaid center of gravity in the direction of the ſail, 
none Bo Tab TERS 

ough. WW 2. If the main fail AB is thruſt 


orward in the direction CD. parallel Fig. 22. 
0 the keel, it ſhall impel the ſhip in 


5 


be ſame direction, and the water ſtriking againſt 


7 


9 


both b ſhall keep her in equilibrium, and 
hinder her turning either to the- mg or left. | 


4% If the dire&tion CD: of the Mein 

Fig. 23. ſail were perpendicular to the keel AB, 

the ſhip would by degrees range herſelf | 

in that. due en, and would bring her head A to 

the point D, for the water finding better hold on 

her ſtern B, than on her head A, will by degrees 
repel it behind the point C. 


| 4 If che direction of the main n fa 
Fig. 24. is oblique upon the keel, as CE; the 
ſhip will ſail in another direction be- 
tween CD 143 CE, and make more head than 
ſide · way; becauſe the water {triking againſt her 
ſides, will keep her in equilibrium, and this oblique 
direction of the ſail will commonly hinder her turns | 
ing either to. the right or left. But ſtill this doth 
not hinder but that a ſhip only under a main fail, 
may readily enough come to the wind; for the 
wind having great hold of the ſtern, will force he 
after-part to Jeeward, even with more force than is 
neceſſary to break Hos: 6 Aba 


5, When the ad ket the main 

Fig. 25. fail AB a-back, in the line E C, the 
veſſel is thruſt in the direction CF, 

and the ſame thing will happen, as when the tore 
ſail is in the ſituation above ed. 


6 If che main fail AB being taken with the 
wind a- back in the line CE, is not perpendicular 
to the keel, but that its direction is ſome other 
line as CH, the ſhip will nearly keep the ſame 
eren; but the water een up her ii 

again 
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againſt the wind, will ſoon make her fall off, 
unleſs the rudder FG being put to Jeeward, over- 
comes the ſaid force of the water upon her ſtern. 


Fig 20. | 
P R O p. VI. op | A 
Of the Mizzen. a Les EE 


1. The mizzen ſerves as the other fails, to give 
the ſhip head-way; but its chief uſe is to bring 
the ſhip's head to the wind, by forcing her ſtern to 
lee ward. | | ; 

2. The triangular figure of the mizzen is well 
adapted to this deſign ; 1. Becauſe it is eaſily hal'd 
up or out. 2. It preſents itſelf more effectually to 
the wind, as its yard is leſs flexible than a rope or 
ſtay, 3. The ſhrouds are no hindrance to it, but 
it may be caſily inclined in any manner with the 


keel, inſomuch that it may be full when all the 
other ſails are a- back. | Eg 


/ 


3. It is true, that triangular ſails deſign'd to give 
ſhips head- way, ought not to have the ſheet hal'd 
to windward, leſt the greateſt part of the ſail ſhould 
become a back ſail, But it is not ſo with the miz- 
zen, whoſe chief uſe, as was ſaid, is to force the 
ater-part of the ſhip to leeward, by a line perpen- 
dicular to the keel; for it has oftentimes more 
force to bring a ſhip to the wind. with the ſheet to 
windward, than to leeward, as when the 1385 
uind is far forward. For let AB repre- Fig. 27. 
ſent the ſhip, and HG the wind, then 
hall the mizzen CD have more force to bring the 
ſhip to the wind, than the mizzen FE. However 
the making thus a back ſail of the mizzen, is ſel- 


5 0 ; | dom- | 


— 


E t 1 
dom orachſed, a in ſome extraordinary 8 ] 
becauſe it breaks the ſhip's head-way. 


Prop. VII. 
Of. the other Sails.; 


The other fails which are made uſe of beſide J 
theſe already explain'd, as bonnets and ſtay: fails, 


have nothing particular. It is only neceſſary to 


obſerve, that oftentimes the ſtay- ſails only ſene 
to make a ſhip fall off, becauſe they are parallel 
to the keel, as Weg a ſhip fails cloſe upon 2 
wind. | : 
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To render a Ship reach to turn eafily any way, 


"1, N E figure of a ſhip cauſing her natural 


neceflary to have a great proportion of faiF forward, 
ſor the more readily rn her. 
| 4 Ys 4 


4 2 


2. Notwi yſtanding which, there are many veſ· 


ſels too ready to come to the wind, and unapt to 


ware; which fault may proceed from ſeveral differ- 


ent cauſes: 1. Some have their fterns too high 
built, and their poops ſerve as a fall abaft. 2. Others 


have their fore-maſt ſet too far aft, Which makes | 


them leſs capable to reſiſt the force which fo readily 
carries them to windward, 3. Others are built 


the bows. 


too ſharp a-head, which is remedied by thickning 


£ ** 
. 3 
1 


3. If a ſhip be too backward in coming to the 
vid, the fault is to be corrected b7 ſome oppoſite 


— 


to preſenit her bead to the Wind, miakes ft 
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to keep her conſtant” in her courſe, "becauſe of the 
uncertainty of the waves and wind; it is therefore. 
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RY Nr 1 
4. Great care ought to be taken, that the rudder 

be well proportioned to the ſhip,. and that it be ſuf- 

ficiently expoſed to che water.that paſſes along he 


25 
9 * „ ——ä w- 


5. When a ſhip is in a juſt equilibrium, and 
feels her helm as ſhe ought; it js ſtill no eaſy matter 


neceſſary to take the following precautions: 1, The 
range of the ſhip from her courle, ought in the very 
beginning to be broke, which a light motion ofthe 
helm will then eafily do. .2, When a ſhip is much 
yaw'd from her courſe, you muſt not bring her u 
it again at once, left you throw her into a contray 
ſheer. 3. But if you ſhould be obliged ſo to do, you 
mult. caſe the, helm before ſhe, be retunn'dge hr 
courſe, to prevent the oppoſite, ſheer, whith dk 
the force of her way will be apt to run her into. 


Pham 
To male a Ship” fall off. 


Let the veſſel be AB, the head - fil 

Hg. 28. DC, thoſe of the main maſt, EF z the 
miazen GH, the line of the wind A 
IN, MN, the rudder BR, the tiller B00. 


if A veſſel is ſaid to ware, on fall off, mha 
her head is thruſt to leeward, or her ſtern toll 
wind (Def. 6.) 


2, When a veſſel has head way, the tiller is 
be put over to windward, that the rudder Bt 
may. preſent itſelf to the 'current of water 
lecward, and ſo puſh up the point B te the 1 

TE | whid 


and 


- 


which cannot be done without making the head A 
fall of eee 
3 To ware the eaſier, hale up the mizzen, that 
ſo the line of the wind NM, which thruſts the 
ſtern to leeward, may not impede the impulſe of 
the rudder BR, in bringing up the ſtern to the 
wind = oo Yn, LE TT 


fl 4. Encreaſe the head-fails, and brace them in 

j as ſharp as poſſible to leeward, that they may have 

be the more force to make the ſhip fall off. (Prop. 4. 

< } 1605 e VV 

0 F. Hale up the main ſail, and ſhiver the main- 
a top ſail, in order to eaſe the ſhip's way, which 
you will facilitate her turning; but take heed you lay 

het not the main-top ſail a-back, which would perhaps 

el give her ſtern- way, and fo bring her again to tlie 
he wind, eſpecially as the rudder BR is to leewards* 


6. Another way to ware a ſhip, is to 
brace in the head-fails as much as poſ- Fig. 29. 
lible, to windward, that the wind AN 
may have the greater power, and that their direction 
being leſs inclined upon the keel, they may haye 
more force to thruſt the point A to lee ward, and ſo 
make the veſſel fall off. But this method is not 
practiſed without an abſolute neceſſity, becauſe it 
very much hinders a ſhip's way; and when other 
ſhips are in company, puts her in danger of falling 
foul of thoſe which follow. , om 4: ee IR 


7. When this practice is made uſe of to avoid 

a danger, the main fail and mizzen-top ſail may be 
laid a-back, in order to give the ſhip ſtern-way, 
and the helm ſhould be put over to leeward, that it 


I 
may not check her falling off. But ſkilful marinet 
take care not to ſhift the helm, before the ſhip be- 1 
gins to get ſtern-way. e 


P K o r. X. | f 
20 bring a Ship to the Mj. 
To bring the ſhip AB to the wind, | 


Peg. 30. that is, to turn her head to windward, 
1 the following things are to be done. 1 


* 


1. Put over the tiller BO to leeward, that ſo 
the rudder BR meeting the, current. of water to 
_ windward, may force the ſtern B to leeward, 
© Which will conſequently bring the head: A to the 
"Wind (Prop. i.) 1 


2 


* 


1 


2. Hale out the mizzen GH, that the wind | 
NM may force the ſtern M to leeward. 
232. Diminiſh the head fails by letting go the 
fore ſheet, and ſetting in the weather braces. 


a 


4. Make what fail you can on the main mil, 
that the ſhip having more way, may the better 
anſwer her helm; and that the wind may hate 
more force upon the mizzen, and after-part of tis 


ſhip. To explain myſelf, — 
The ſwifter the ſhip's motion is, 1. The watt w. 
ſtrikes the ſtronger againſt the rudder. 2. It puls 

the ſtern of the ſhip with more force, 3. 1 = 
wind has a greater effect upon the mizzen, ail 

-after-part of the veſſel, therefore the ſwiſtnels us * 
ſhip's motion helps the rudder every way in bring: 
ing her to the wind. But in falling off, as it hene 
on one hand, in ſtriking ſtronger againſt the _—_ be 
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t res 1 1 


ſo it \hinderg.on the other hand, by i its fores on "the + ' 


mizzen, and ſtern of the ſhip, i in Fan, aſter- 


part to lee ward. 1 
PROP. XI. it W l 
Te Tack with the Wind before the der n 


0 tack, is to turn a ſhip that is cloſe hal'd on 
, one ſide, ſo that ſhe may be the ſame on the other. 
; To tack therefore with the wind before the beam, 


isto turn a ſhip ſo that the * fil L cyl ths wind : 


f before, | 3 14 N 8} 3 

to ; F 91 SS LA 
Let therefore AB 1 a Min. 

the which is to tack, 1. After having giv Fl. 3 30: 

1 her as much way as poſſible, right t as 

31 helm, and hale out the mizzen; then when the 
vid Wi veſlel begins to come to, put over the 

| helm BO to leeward, and brace, to the Figs 31. 

pore-tap fail, that the windward part f 
de fail may lay a- back, which as before remark d 
F-. 4. 3.) will help her to come to the wind. 
mal, 2. Eaſe a little the tate Bog to ind ward: . 
betta i and the fore-ſheets to lee ward, that ſo the ws 
be fails may loſe all power of making the ſhip fall off, Wt 


pos Fats: N to 
„Te — | 45 

en, and * The Engl, 7 pradice in tacking i is, as ſoon as the | 
ſs ofa helm's a. lee, to let go the fore ſheet, and not lay the 


fore-top ſail a- back, till the ſhip is ſo far come up as 

ake it; then laying i it a-back, they tend it, and trim 
their after-ſails ſharp, not eaſing their fore- bow Hae . 
bey find che 5 falls off too faſt. 


8 


3. The mizzen may likewiſe be! brac'd to le- | 
we ard, that the wine hy med peed; vn more EAT 


"Y 


EEE cole ne pi . A ⁵⁰· A Pore ag . 
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| bores the ſhip's head to leeward. 


Pig. 33. firſt ſet, that ſo the wind NM 9 


[ | 102 1. 
to bring ner to; but this is not done 1 5. in n caſes 
neceſſity, becauſe it deadens her way. 


The head-fails are not to be ſhifted, til the 

mig has paſs'd ſome degrees beyond the line of 

the wind, leſt the wind NA ſhout 

Fig. 32. force back her head A, and n _ 
ani Le co to. 

För the (Gris reaſon' it is, that the both,” 


and meets of the fore · ſails, are not entirely let go, 
left the ſails ſhould bag behind the maſt, * lo 


1 


6. When the mie is come enough ab; to 
- * ſhift, the ſails; the mizzen ſhould by 


break che way ſhe has in N 


. In filling the ſails again, begin with ty 
aſter· ones, if they cannot be all- filled together; 
in order to make the moſt of the time in which 
the ſhip is falling off, to fill the headsfails, In 
this caſe the main · ſail, as ſoon as itſhivers, 28 
be immediately ſhitted.* if cd | 7 


8. Thire :1 is 0 fear that the wind AN, Soc 

make the ſhip fall off too much, ſince the braces 

D being eas'd, and the main“ ſail being ſet, wil 
deins her inf wo to the wind. 0 

. | — 7 3 9 Ti 
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my 


Our way: is always to brace about our alder lil 
* Auger the head · ſails a · back till the after · ſails are ful. 
and then brace about the head- ſails; for a ſhip in tack- 
ing is frequently caught, or comes back again, t if te 
kead- ſails are braced toa ſoon, 


[ 103 1] 

g. Tis not eaſy to tack a thine only ichn RE" 
top-ſails, when: the ſea runs high, 'becauſe they 
do not give a ſhip way enough to overcome the' 
ſwell which beats on her bow; the courſes are 
yet leſs ſufficient, as giving her {till leſs way, beſides 
that the fore-ſail when it takes a-back, makes too 

much of a bag to windward of the maſt, e 
wil flat her oft «gal Ti. 1 14 


10. If when a ſhip begins to ce and Ib wiel 
her head - ſails are bracd to, though not exact 
perpendicular to her keel, me will ſtay ſaoner, 
but will fall more a-ſtern: On the Ne if 
| they are not-brac'd, the ſhip will gain a-head:in 
5 ſtaying, becauſe the force of her way will ſuſtain 
ak ber againſt any contrary impulſe impreſs*don her by 
N thoſe ſails a- back ; therefore ben a ſhip is lively 


enough to e the head- fails 0 wel TIER tor: : 
an 


1 XII. F 


3 
12 75 Ts change the Board with the Wi nd n 
ad F 2 the Sen er Gain 


e ike vellel AB, . 9 1 
to change her board with the wind Fig. 34. 


a-baft the beam, either becauſe ſhe can- 


2 not bring the wind forward, or that for ſome 
wi particular reaſon'ſhe. is * to change her board 
; with the wind a-baft e. beam, and to to take luff 
Tor luff. 


11 98 Halow At minyen, _ ou, over 1 tilter . 
b B to win dward, then when the veſſel has got 


ee way, bring to the weather braces, and in pro- 
portion as ſhe falls off, continue to brace in, that 
F * . 


3 
| 


IL 104 J 8 
ſe when the ſhip. comes right into the direQi 
of the wind, the ls ue may, tr "0m . | 
n E379 X * 111418: 9 
2149 f M 
2. When the ſhip? 5 wand has 3 her beyond 
the line of the wind, hale out the mizzen, that ſo 
with the rudder, which will then ſtand: right for 
bringing her to the wind, it may continue to help | 
the yeſlel to turn; continue like wiſe to brace in the 
fails, till they are brought cloſe upon the wind, 
Then haling up again the mizzen, ſhiftthe dre 0 
break the force of her way to wind n 


wt 15 When theme it hal 'du kid Anke 
ſhiſlea, ſhe does mot fall off; it may be effected by 
bracing i in the ſails as cloſe as poſſible to windward. 
But as ſoon as ever the ſhip begins to get lee-way, 
right the ſails: again to help her, leſt when ſhe 

comes near the line of the wind, the 
Hg. 35. wind NA ſhould break the Ws $ v1 
in turning. g 


, eos... ds 


4. Take care not to * too haſty in bra 
11 fails, when the ſhip begins to fall off, le 
by fome ſudden motion we wind mould take the 
. a- back. | 


* * o P. XIII. * 
7. s prevent the Haide, calf 4 hilly FR 1 
es by Chapel. 7166 a 10 25 4 


A Ship is ſaid to build a chapel, when the mn wh 
taking her a head, forces her unexpeRedly abou. 
This accident is dangerous, becauſe it may throw? 
ſhip in the way of another a- ſtern 5 1 or ufoß 
other dangers. anten |, BB 

£ 4 = Suppoſe 


L. 105 1 

9 Sopot the 5 AB, take the 

wind a head, if ſhe remains in that Fig. 36. 
Gif poſition, the wind NA falling upon | 
the ſail CD, will make the ſhip come to the n 
till ſhe paſſes the line of the wind, when ſtriking 
her with {till greater force, it. will bring her ſtern 
to windward. To hinder which, put the helm 
| over to windward, hale up the mizzen, and brace” 
the head-ſails DC to- the wind, till the angle 
CAB becomes a little acute; that ſo the wind 
NA falling upon the ſail DE, may thruſt back 
the head A to leeward, and make the veſlel fall 
off, Then when the ſhip has got lee-way, right the 
ſails DC again, and hale out the mizzen, putting 
If over the helm too to keward, to prevent her falling 
0 of too much. | | 


bY; 


P 


2. If the ”_ CAB be mich very * the 
ſhip will falt off ſooner, and force her leſs a- ſtern. 
turn'd ſo far that the fails DC may fhiver, or even 
fill, which will render it impoſſible to prevent the 


xcident, 'Tis therefore proper to brace the fails 
wh no more than | is juſt necellaryt to flat the ſhip off. 


3. duppoſe the ſhip AB has all its | 
als a-back, in order to fall a-ſtern, if Fig. 37- | 
fer ſhe has loſt her head-way, the | 
helm BO be put over to leeward, the water which 
Irikes againſt the rudder when the ſhipbegins to get 
em-way, will throw up her ſtern B to the wind, 
ind the wind NA will fling her head to leeward: 
th ſo much force, that nothing can ſtop her turns: 
Ig about. But this accident may eaſily be prevent 
by bracing a little the fails DC to the 3 
"at is, by making the angle C CAB a little acute, | 

| Fs * 


But then it may happen, that the ſhip has alreadß 


1 206 ] 

and putting thehelm and mizzen to bring hertothe 
wind: Nor need it be feared that the veſſel ſhould 
come too much to the wind; for the fails. CD will 
receive the wind NA more perpendicularly, as the 
ſhip gains to windward, and force her with the 
ee ſtrength to keward. 7 55 


4 Many ſkilful ſeamen make uſe of this prafle 
when they ſound, becauſe the ſhip then make 
little or no way, and js not at all liable to build 


chapel. * 
PR o r. XIV. 
To h. is under the Top-fails. 


A ſhip is ſaid to lye to, when her ſails are 0 dil 
poled, that producing contrary effects the one tothe | 
other, they render the ſhip as it were immoveable, 


1. Let AB reprefent a fhip, whoſe 

Fig. 38. fails are ſo diſpoſed, that the angles 
CAB, FAB, may be ſomewhat acute, 

the mizzen GH being hal'd out, and the rudder 
BR to leeward. In "this ſituation, the head-ſals 
will puſh the ſhip's head A, by the line NA, to 
leeward ; and the after-ſails GH, bearing her ſtern 
to ſeeward, by the line NM, will force up her 
hezd to windward; So likewiſe the ſails DC, EF 
thruſting the fhip a-ſtern, and the ſails HG bearing 
up a little a- head, conſequently as the ſhip cannot 
eaſily divide the water a- ſtern, ſhe will remain 
almoſt immoveable, making but very little ways 
and that a- ſtern; for which reaſon the effect of the 
rudder BR will be to bring up the ys a ue to 
the wink. 


2. Te 
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2. The lower ſails. being furl d and diet 
the top-fails a little lower d, brace in 39. 
the fore- top ſail DC, till the angle A8 I pe; 
becomes a little acute; gaining a little at the: Tra 
time to windward, that: the fore- top ſail may be 
taken a-back, whilſt the-mains»topſail* is ws. 
bracing it in to leeward. In this ſituation the ſhip 
is thruſt a head, and to windward by the main- top 
fail, ( Prop. 5. 4) and a- ſtern, and to.leeward by 
the fore-top f fail (Prop. 4. 2.) ſo that berween both, | 
ſhe remains as it were inmovedble. :- » $12 : = 


3. If in this diſpoſition the ip £ falls off t too 
much, hale out the mizzen, or make uſe of the 
mizzen-top ſail, and if notwithſtanding all that, 2 
ſhe ſtill falls off, make the angle 1 lefs acute, 
and the angle CAN more — by bracing in 
the fore top ſail a little to lee ward. There i is no fear 
of her coming too much to the wind, becauſe as ſhe 
comes to wind ward, the ſail DC will take the wind 
more directly, which will give it more power to flat 
ber of, Thus a ſhip lies to moſt ſafely under a 

mizzen ; but then ſhe is moſt liable to fall on” 

4. The helm ought for the moſt part to be nt 
| over to leeward, ſince the veſſel more common! 

falls a ſtern than gains a-head; for Sth _ nul 
and rigging ſerve as a back fall. | 


5. A ſhip p may lye to, with her a 3 
top fail DC fill'd, and her main-top Fig. 40. 
fail EF a- back; and in this diſpoſition 5 
ſhe will not ſo eaſily fall off, becauſe the fail DS 
keeps her cloſer to thi wind, and has lefs force to. 
lat her off. ( Prop. 4. 3.) 2. The fail EF has 
more power to bring her to the wind ( Prop. 5.5. 

5 * 'T here" 


T 
— 


Ins UW. 
Therefore this way of lying to, ſeems the moſt 
convenient for a fleet in a line of battle; but as ix 
puts a ſhip in greater danger of taking the wind a- 
head, it is ſeldom uſed but in engagements, when 
it is of much more conſequence not to fall to lee. 


ward, than to prevent the accident of taking the 
wind a head. . 0 1411 n SV EE RK 1 
oo 19645 PR 

To he to under the Courſes. 


When on account of the violence of the wind, 

or the fear of danger, or of any other reaſon, itis 
thought convenient to lye by: If then the ſhip can- 
not come to an anchor, nor lye to under her top- 
fails, they then try under her courſes; that is (as 
deſore with her top- ſails) they ſo diſpoſe: her lower 
fajls, that ſhe may make little or no wax. 


1. The top-ſails being furl'd, and the Jower fails 
trim'd cloſe, keep as near the wind as poſhble, 
without hazard of taking the wind a-head, that ſo 
the ſhip may make very little head-way, and only 
fall off in a line between the direction of the wind 
and the rumb of the courſe. | 


2. A ſhip will ſtill make leſs way, if the main 
fail be likewiſe furl'd, and only the fore-ſail and 
mizzen ſet, or che mizzen alone. 7 


3 Sometimes the main-ſail only is made. uſe af, 
and then the ſhip will move only by jerks as it Were, 
and fall too near the line of the wind. She will 
thus make but little way, but then ſhe will labour: 
very much. The rudder will be but of little ſervice 
in this caſe ; but that the ſhip may labour the les, 
let the helm be ſo put to leeward, that the rudder, 
may be nearly parallel to her courſe. - © 

Mol LJ 4. Some- 


— 


To 7 TT: |. 

4. Sometimes the wind blows ſo hard. 
that a ſhip cannot bear any ſail. In Fig. 1 
ſuch caſe, having furl'd all the ſails, and 


CY 


{quar'd the lower yards, brace the top-ſail yards in 
the ſame manner as if the ſails were ſpread, and put 
the helm hard over to leeward. Thus ſhall the 
ſhip move as it. were by jerks, moſt commonly pre- 
ſenting her ſide to the wind, becauſe when the is 
pretty much fallen off, ſhe gets head · way, and the 
rudder BR will bring her again to the wind, and 
when ſhe has gain'd too much to windward, ſhe 
will fall a-ſtern, and the rudder BR will again throw 
her to leeward. If the helm be put over to wind- 
ward, the rudder will bring the ſhip about, ſince if 
ſhe be much fallen off, and has gat head-way, the 
rudder will make her fall {till more off; 5 if the - 
comes too cloſe to the wind, and falls-a-ſtern, the 
rudder will {tilt bring her more to windwatd. \From... 
whence it follows, that by means of the rudder a 
ſhip may be turn'd, though ſhe has not a ſingle fail - 
lpreade.. .-*; 277 my Seto Lea 
5. If when a veſſel is thus only driving with her 
maſts and yards, it is thought proper to let her go 
before the wind, when the ſhip comes into the line 
of the wind, right the helm, and manage it alto- 
get her the ſameas if the veſſel were under ſail, for, 
in ſuch hard gales eſpecially, the hull and rigging 
are in effect a fail. And thus driving before the 
wind, a ſhip will ſometimes make ſuch great way, 


| that ſhe may run much hazard of being loſt, if ſhe... 
will bath not ſufficient ſea;room. 
Wy” a P RO P. XVI. „ 21 
leſs, To govern a Ship with the Yards. | 
dder . 1. It is eaſy to govern a ſhip with the ſails, 
ee ſome of them ſerve to make her fall off, and 
ome- others 


* 


T7 we J 0 
others to bring her to the wind ; and fince the yards 
ſerve in ſome degree as ſails, a ſhip may in like 
manner be govern'd with her yards. 

© t e ee 2 

2. When in fine weather it is thought convenient 
to change the place of a ſhip's riding, in a road 
where there are many other veſſels; unfurl the 
mizzen, and mizzen- top ſail, and in weighing the 
anchor, let the yards be brac'd as much as poffble 
oppolite to the place where the ſhip is to fall. 
Then when the anchor is up, and the ſhip ſuffici-' 

_ ently fallen off to take the proper direction, ſet the 
yards in all reſpects as if the fails were ſpread; if 
the ſhip comes too much to the wind, hale up the 
mizzen, and brace the fore yards cloſe in to wind-' 
ward. If ſhe falls off too much, hale out the mizzen 
and mizzen-top fail. If the ſhiphas too much head- 
way, check her by laying the mizzen-top fail a- 
back, If ſhe has too little head-way, increaſe it bꝰ 
aſſiſtance of the mizzen and mizzen-top ſail. In 
this manner ou may traverſe a road as you pleaſe, 
and moor a ſhip juſt where you have a mind, But 
for the greater ſecurity, they commonly ſend out 

a boat with a ſmall anchor, in caſe of acalm ora 
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Many other common practices in the mega 
a ſhip might be added to theſe above explain d; bu 
as they have nothing particular tobe accounted for, | 
I ſhall paſs them over, that I may not tire my Bl ail 
reader with tedious repetitions. | owl 
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' WH Cf ſailing from one Place to another at à diſtance. 
Faer VIE”. 27 

— To come to fail, 

\ | | |; > k 

- 1. A T a proper time to go to fea, having un- 
— moor'd your ſhip, in heaving up to your 
y other anchor, ſteer your ſhip right with the anchor, 
n and having recover'd the buoy and brought your | 
e, ſhip a-peek, looſe your top ſails, and ſet them, 
ut racing the main-yard and main-top ſail up ſharp, 
ut and your fore-top fail a-back, to flat her off to that 
F : 


| out the mizzen to bring her the more readily to 
again; in this manner if you have nothing to oblige 
you to make ſail, keep her till your anchor is 
| ſtow'd, when you may ware her to her courſe, and 
po then make uſe of what fails you think proper. 
for, 
wy 

Wy fome rock as A, carry out a ſmall anchor 

on that bow your danger lies, and bring Fig. 42. 


1 7 e hawſer in a- baft on the ſame quarter, 25 


fide you would caft her; at the fame time haling 


2. If in bad weather you are oblig'd to come to 
fall, and in doing it, are in danger of falling upon 
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water with her head, as with her ſides, as would be 


| 5 to the wind CA, the ſail DA, K 


[am |} 

and make him faſt, which having done, vere e away 
the cable D, till the ſhip is fallen off ſo far as that 
you may ſerve yourſelf with ſuch ſails as are proper 
for the weather, which, when you” can 1 do, cat 


3. If time and weather will permit, it wat be 
better to carry an anchor farther out a head, after 
having hove in as much as may be on the anchor 
down, and come to ſail from the anchor ſo carried 
out, from whence you will * have room to 
caſt. 


%. 


. When the weather permits you not to come 
to ſail with the top- -falls, you may hve the fore-ſai 
and mizzen. 


3 When you are oblged to 8 in 1 ord the WMl- 
more readily to come to ſail, be ſure you do it hot 
till your top- ſails are hoiſted, and brac'd for caſting, Wi! 
left you fall to leeward, and loſe more time thanuf 


ou had hove up your anchor. Remember alſoto 
ſek ve a buoy on the end of the cable, that you, b 
may take it up again if opportunity offers. „ 


PRO r. XVIII. 
[ Of gaining as much as may be to windward, 
1. If a ſhip had as much difficulty to divide the 


3 the caſe wete ſhe round, ſhe could then, 
Fig, 43. no way gain to Wind ar. For let ibe 


ſhip be A, the line of the wind BA, the 


direction AE. If the veſlel A were round, 


would continually keep the direction AE ft 
v0 


tf 113 T | 
fail, and: e fall off from the line AC; 
which is called falling to es or * lee- 


way (Def. 4.) po 


2. If on the n a ſhip a; not at all . 
vide the water with her ſides; but always kept the 
line ſhe looks in, without making any lee - way, ſhe 
would continually gain to windward when ſhe looks 
above the line AC, as in'the line AF, and what 
ſhe gains to windward will be meaſur 4 by FG, 
the fine of the angle FAG, provided her fates 
motion be meaſured by the line FA. That is to 
ſay, the product of the ſine of the angle FAG by 
the ſine of the angle FEA, or FAD, will always 
be what the ſhip gains to windward in the courſe 
FA. But this product will always be greateſt 
when the two fines are equal; therefore the ſhip 
A will always gain moſt to windward when the 
line FA divides the bead CADi into e 
parts. 


- 1 . 


ſtant point from AC, or more to windward than 
any other point as H, in the ſame arch; and more- 
over the ſhip will arrive as ſoon at the point F, as - 
the point H. (Prop. 2. 7.) Therefore ſhe will - 
gain moſt to windward, when her courſe AF wad 
rides the arch AF G or the angle DAC. 


ng, 5 125 
if 

x Or; if you like better ſo expreſs it; the point 

you [Fin the middle of the arch AFC, is the molt di- 


ethe 1 SR 
14 be . 3. Lee way Waben u ene in this tl for 
then r ip making lee-way, ſhall only arrive at the 
-t the Point J, in the line FE, in looking up to the point 

, the . in looking up to the point i, ſhe ſhall only 


each the point K, of the line HE; and the lines 
fl „IN, (bal be paralle (by Prop. 1. 7 ) T . 8 ; 
are 
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ward of K (by Def. 4) 2 Nr 3 I 21 Ant 7 


4. Let us go on ſuppoſing the PR % male bo 
lee- way; draw B D the ſine of the 

Fig. 44. angle B A D, which the ſituation of 
the ſail makes with the wind, Since 

the ſines DB are to one another, as the rot of 
the impulſions of the wind upon the ſail (by du 
8.) in its different ſituations; and that the different 
velocities of a ſhip's failing are allo to one another, 
as the roots of the ſame impulſions (by Sup, 3 
the different velocities. of ſailing ſhall be. to one 
another, in different ſituations. of the ſail, as the 
fine DB ;. and conſequently the. velocity of a {hip 
ma always be expreſs'd by the ſine DB, in ſup- 
poling the. ſine total to, expreſs. the velocity of 
ſhip ſailing before the wind. Make then AE'equal 
to DB ; and having deſcrib'd the ſemicircle ACE; 


from the center II draw HF perpendicular to A. 


which ſhall divide the arch AFC equally in the 
paint, F (by Eucl. 1. 3.) and cut the line in 
the point 2 But the line AF is the moſt adyanta- 
geous courſe for the ſhip to gain to wind ward in ie 
{ituation of the ſail DAB (by the prec.) therefore 
the line FG ſhall be all that 8 ſnip is able to gain 
to windward in the ſituation DAB. Upon which 
we may make the ne refleions : 8 85855 


1. If the angle DAB is buſt 3o deen! ? G 
ſhall be exactly of radius. n 


Demonſi -DB, . or AE being we fins of 905 


grees, will be 2 the radius, and ſince all the 1250 
of the triangles HAF are of 60 degrees, FA wil 


be ey: to AH, or + of radius. But F G * 


1 4 J 1 
fore if F is to wind ward of Wen 1 Gall b to wink 


4 a: 


115 3? 


the fine of 20 degrees, will be che half « of AF; 
twill therefore be +.of radius. 1 pe erty” bark 


2. If the angle DAB B more than 30 > LY 
FG will be leſs than + of radius. Let us call 4 
the difference between the ſine of 30 degrees, and 
the line DB, which we ſuppoſe greater. gba 


Denon. AE being equal 722 radius with 4. 
and conſequently HF being Aua to + of radius, 
and 2 4, Moreover HG being the LE of above 
30 degrees, will be equal to he 2 of HA, or + 
of radius, and & of d, and beſides of a magnitude 
which will be to 4, as AH'to the fine total, or 
more than its fourth; therefore HG ſhall be oy 
than z of radius, and 2 of d, and conſequent] 85 1 
be ſubſtracted from UF, « the ine 
be leſs than of radius, | 


2. If the angle DAB be leſs than 30 N 


ind the ſine DB which we ſuppoſe leſs. 


Demonſt. HF will be.2 of radius leſs 24 More 


than its fourth; therefore AG will be equal to more 
than the { of AH leſs 4 of d, or will be equal to 


eſs 12 x Of radius. 


COROLLARY. 
From whence it follows, that if the ſhip makes no 
te. way, the ſituation DAB, the moſtadvantageous 
0 gain to OR ought to be * 30 * 
5 10 


* 2 — abt Sg, * * K 
3 
x L f F | 
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o 
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FG will be lefs than + of radius. Let 5 again call 
{the difference between the fine of 30 degrees, 


wer HG will be 4 ef Aff leſs a magnitude, which 
Wil be to d as HA to radius; that is to ſay, leſs” 


more than + of radius, leſs 4 of d, and conſequently 
fit be ſubtracted from FH, the e om” wart 


1 


- 5, To find what alteration /ze-way willmakein 
this rule. Draw EL, and HM, parallel to CA, 
and continue FG, till it meets EL, in the point 

L. Again, draw CE, in proportion to EA, x 

DB to BA. Then ſuppoſing EI to FE, as the 

difficulty of the ſhip's dividing the water by ber 

head, to that of dividing it by her ſide; and as an 
magnitude 4 (Which we call le- way) is to the ſine 
total. Laſtly, ſuppoſing, IK parallel to CA; in 
the ſituation DAB of the ſail with the wind, the 

Ime FG leſs FK, will be what the ſhip” gains to 
windward; knowing therefore EK, her advanceto 
windward may be known; for FG is eaſily knoyn 
as aboveexplain'd, Thus therefore may be ſound 
FK. Since 777 angle CAE is equal to the angle 

DAB; the fine total AB, is to DB, as AE 

equal to DB, is to CE, which by this means wil 
be known; and conſequently GH may be found, 
which is the half of CE; this added to the half of 

AE gives FL. Therefore ſince EF: EI: L 


LK, FK is conſequently diſcovered. 
þ COROLLARY... 


As it may be known what a ſhip gains to wind- 
ward in every ſituation of the ſail, it will be found 
that the moſt advantageous ſituation for that pur 
poſe, is when it makes the ſine DB, equal to hall 
the radius, leſs a magnitude or quantity, which 
to the ſine total, as the lee- way 4, is to the {ins 
total more the lee - way d. For in augmenting of 
diminiſhing; ever ſo little this ſituation, GK will be 
found leſs. | as SW. I 


—_— a2 


W 


I. E M M A. 3 
If A being greater than B, does not exceed 


more than B does C; the ſquare of B hal 
c 


| ne 
ereater than the product of A into C (by Eu, 16, 


„.) Since A will have a leſſer ratio to B. than Bto C. 

x P Ro r. XIX. 1 

he oy 15 3 0 1 3 * ; | : | 
er WY 77 fd the moft advantageous fituation of a Sail far 
1 a Courſe given, when a ſhip makes no lee- ta. 

ne n e 


in 1. Let AB be the line of the wind, FR 
the WY AF the courſe, and DA the fail: . Draw Fig. 45. 
0A perpendicular to the fail, and equal 
eto Wl to the {ine of the angle DAB, and upon AE 
wa WY deſcribe a ſemi- circle cutting the coutſe AF, in the 
und WY point F, ſo ſhall AF be the velocity of the ſhip, in 
nole e ſituation of the fail DAB. © | 
will 2. The angle FEA. being equal to the angle 
und, FA; the ſine total will always be to the line 
alf «WM AE the ſine of the angle DAB, as the fine of the 
Ease FAD, to the line AF; and: conſequently 
| [the product of the fine DAB by the fine FAD, 
| deing divided by the fine total, will give the velo- 


— 


. 


found . This product will always be greateſt when 
i pur te two angles DEB, Fa are equal (by Lem. 

prec.) ſince in augmenting the one, its ſine is only 
Increaſed, in proportion as the other is diminiſhed ; 
he nog that the velocity of the ſhip is always greateſt, 
ting aP'ben the fail AD divides the angle FAB of the 
will urle with the. wind, into two equal parts. 


R E M AR K. 


ibis rule then ſerves for gaining the moſt that 
xceed Way be to windward in a given courſe, when a ſhip 
ſhall "poſed to make no lee-way ; becauſe in that caſe 
greant | ' to 


"7 8 N ” 
A ; 3 


-[ 5 118 1 | 
to go moſt ſwift, is the ſame thing as to gain aul 
to windward. This rule therefore is of great fervig 
in practice, ſince lee · way is very often n 


Px o r. XX. 


'Of the alteration . in V x Fig hich 2 wil 
4 _ in the foregoing Propoſition, 


| 1. If AF be the rumb line Upon 
| 5 45, which the ſhip ought to ſail,” the (al 

ſhall be ſtill in the moſt advantagen 
ſituation for velocity upon fuch rumb, Wen 
equally divides the angle F AB. wi " 


— 
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—— . —ä́ä4ä— — et, — 2 
9 3 
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ow Fe. 
4 ——— 


Demanſt. Let us: Abbie the ſail to divide th 
angle FAB unequally, then if the veſſel having 
lee-way, would arrive but at the point H, in 
time ihe would have got to the point F; (byi 
prec.) with lee-way ſhe will only obtain the pol 
K of the perpendicular HI, in the time The you 
have.come to the point G of the perpendicilkr 


. x the ſhip keeping the rumb AF, is ca 
by her lee-way to the point G of the perpendicl 
FE, when the ſail equally divides the angle FA 
the angle DAB cannot be augmented without . 
tarding the ſhip's arrival at the point G. 


Demonſt. If the angle DAB be au a 
the ſhip keeps the ſame rumb AF, the will con 
but to the line HI, in the time ſhe. would have 
to the line FE; but as her lee-way would ca 
her on in a line below the line AG, it is there 
neceſſary ſhe ſhould run more to windwardyl 
which reaſon at the time ſhe ſhould have gain 
line FE, ſhe will be found in a line till neaterl 
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point A, chan the line Hl, and<eonſequently will 


1 unn 
ls only arrive at ſome point neater A; than the 


, 2 OD J * 14. 3 Ka. * 
point K, atthe time fie ſhould have arrived at the 
| : ws 4 — . bo RA. . * 8 as A 2 
int G. 10 F408 Hide Minen nne N 
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„ eee e ee e 
3. If the angle DAB be diminiſhed, the ſhip 
| will then ſooner arrive at the point G and it will 
de eaſy to find the velocity AG in every poſition of 
the (ail, For the fine total will always be to the 
fine of the angle DAB gas the ſine of the angle 
FAE the complement of F AD, to FE ; there - | 


« * 
nne E's '# „ Fa 
7 * 1 D . > 2 * ? — * £ _ 2 
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upon 
» (al 
peo 
nen! 


fore FE may be known, and conſequently F G, 
which is to FE, as the lee-way, to the fine total. 
Farther, the angle GAF may be known; for the 
tangent of the angle EAF, is to the tangent of the 


de Ui angle GAF, as EF to GF. Laſtly, AG 1 804 


hr | be found; for the {ine of the angle .GAF, is to 
(by GF, as the fine total to AG. E 
ghar COR OLIN 
ack The angle DAB, which ſhall be the moſt ad- 


dantageous, may be found by a trigonometrical 


Can culation, that is, ſuch an angle as. cannot be 
lic augmented or diminiſhed, without leſſening AG. 
« PANE <xample, ſuppoſe it were required to find the 


moſt advantageous ſituation of the ſail for a ſhip, 
whoſe lee-way is to the ſine total, as 1 to 10, and 
to keep the courſe AG, making an angle GAB 
nth the wind of 100 degrees. I begin by ſuppoſing 
bat the angle DAF ought to be 5ᷣr degrees, that 
$4 little more than half the angle GAB. Its 
omplement FAE will be 39 degrees, ſubtract 
be logarithm of 10 from the ſogarithm of the tan- 
ent of 39 degrees, and the remainder will be the 
parithm of the tangent of the angle GAP, which 
rl be 4 degrees 38 3 this added tõ the angle FA, 
| gives 


thoutti 


— 


7 


gives 555 38 for the angle Gab; and cht 
quently the angle DAB will be 44 22 "Add 
Jogarithm of 440 22' to the logarithm of 3 9. and 
from the ſum ſubtraQ the logarithm of the Fre tos 
tal, the remainder will be the logarithm of FE 
from which muſt be taken the logarithm of 10 
get the logarithm of FG. Then adding the logs. 
rithm of the fine total to that of FG, and fb 
ſttacting from the ſum the logarithm of the angle 
GA, the remainder will be the logarithm of the 
8 GA, for the ſituation which makes the 
angle DAB 4% 224. 


9.908369 Log. Tan. 39 degrees 1 q 


* * 


; . J-00goao. Log. 10 . 
8.908309 Log. Tan. 4 deg. 38 
9.79887 Log. Sine 39 degges 
2.84453 Log. Sine 44 deg. 27" OY 
I-35. 3.3.0 7.0) 5. nl 
_— „ W 125 - oo] _ 
_. 0.64350 Log. FE RR. 
S _ 
eee 
18.64350 CCC ; 5 # 
8.90692 Log. 4 deg. 388 
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578838 Log. ad 


Do the ſame in augmenting, or diminiſhing ig 
angle DAF till it cannot be more increas'd ofd 
miniſhed, without: leſſening the velocity A7 
you will obtain the moſt advantageous fituationY 
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Alter this manner the following table is mal 
and ſo may be calculated for every poſſible 77 
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T Table of the Sttuation, of thi 
| ſeveral Courſes therein given, 
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FAB, the. ſhip will gain to windward, -ſince the 


having drawn the perpendicular GM upon Ah 


j ( —— U— er — — — — — rn - 
f , 


7 4 122 J 

3 IR I 
Of OY alteration which Lee-wa will take in 1 
forgoing Propaſutor zent, when c a 2 is to gain 5 
to windward. | MAE 


1. If the courſe be Aerni there vile 
alteration | in the laſt propoſition. . 

; 2. If only the rumb line Af be de: 
Fig. 46. termined, the e not be 

greater than half the angle FAB. 

Demanft. The angle D A B being above the 
half of FAB, the ſhip would only. gain-the point 
L, in the time ſhe ſhould haye got to the point G, 
if the angle DAB had been pu 1 
FAB (by the prec.) which point alwaji 
be to ty hor of Ys DE I, Aal 
quired to gain to windward, the page FAB auf 
be acute a 


In making the angle DAB leſs than halfdf 


angle of the lee- way becoming leſs, the: ſhip may] 
arrive at the point N, in the time ſhe would hat 
come to G, if che angle DAB had been baff 
of FAB. 

4. It is eaſy to determine whata ſhip- gains 
windward upon every ſituation of the. fall z. 


the line MA will be the ſhip's gain to wind ward; 
and the ſine total will always be to AG, astls 


ſine of the angle MGA the cotnplement.® 
GAB, tothe line AM. 
thr The moſt advantageous. 4 te 
ſail for gaining to windward, may thetefore be all 
found, and thrown into tables ſerving e every po 
ſible cases as in that which follows. ; . F 
W EY rao A 714 
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A Table of the Situation of t 
% Windward up the ſeveral + 


therein given. 


— 
- 


1 


r 


1 
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Sail i | 
Wind 4 


| 


1 


— 35 Dy 
EF 3 > 
; 
© oY 
ny * 
* 


. — TINT jy . 
. 8 ; ; A . a 4 ©, 2 b 4 4 ; 
Degrees | Degrees Degrees Degrees 


— 


331 
: EP «31-4 


We * F 
- * N 1 . 
e 3-1 
x. * 7 | = 
* 2 * 4 L 4 * 


| PP >: 


RE | 
Px o P. XXII. 


To find the proper Rumb a ſpip ſhould keep, in 
ſailing from one fix d Place to another, 


—— 


—— 
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1. If the veſſel has no lee-way, let her head 
point directly to the place ſhe is to fail to. 
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2. When a ſhip has lee-way, turn her head to 
windward. of the point ſhe is to make, in the 
following manner. Suppoſe the ſhip 
Fig. 47. A, the line of the wind BA, the point 
- the is to fail to, C; then muſt the 

ſhip range upon ſome other line, as AD, and there 
will be two ways of obſerving whether ſhe make 
too much or too little to windward. 1. Take 
notice of ſome object as E, which anſwers di 
rectly with the point C, and if when the ſhi 
has ſailed ſome length, the object till continues 
to anſwer directly with the point C, it is plain 
the ſhip keeps the line ACE, and will run di 
rely upon the point C. But if after ſome tim 
dailing, the object E opens to windward of the 
point C, you may be ſure the ſhip's head point 
too much to wind ward, and that the ſhip wil 
run to windward of the point C, unleſs ſhe fall 
off a little. If the object E opens to leeward 
of the point C, then tis certain the ſhip falls of 
too much, and will not weather the point C. 
2. Set the point C by the compaſs, and if after 
ſome time ſailing, the point C continues to beat 
the ſame, the ſhip then keeps the right courſe; 
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| but if the point C falls to lee-ward, the ſhip runs] 
1 too much to windward ; on the contrary, if the 
i . 8 „ point | 
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ead 


d to 
the 
ſhip 
oint 
the 
here 
akes 
Take 
di- 
(hip 
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n dis 
time 
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point C appears more to windward, the ſhip then 
falls off too much. | e 
3. In the ſame manner it may be known whether 1 
2 ſhip will double a cape; or whether ſhe will 


gain to windward, or fall to leeward of another 
ſhip riding at anchor, c. 


PA or. XX: .. 
To find the proper Courſe fe or chaſing as, 17 


to Leeward. 


| Suppoſe the ſhip A were to chaſe te 
ſhip B, and FA the line of the wind. Fig. 48. 


1. If the ſhip A were to bear right down upon Ft 


the ſhip B, ſhe would deſcribe, in approaching 
her, -a curve line, till ſhe falls into her wake, and 
would run a hazard of not coming up with her 


at all; both as ſhe would have more way to run, 


and would loſe the advantage of the wind. 


2. The ſhip A muſt then look to windward of 


the ſhip B, and range upon ſome line as AE, 
wherein ſhe may come up with the ſhip B at the 


point E. But to know that line, it muſt be con- | 
lidered, that if the veſſel A comes up with the 


veſſel Bat the point E, ſhe muſt run through the 
line AE, in the ſame time that the veſſel B is 


running through the line BE; and conſequently | 
imagining the lines CD parallels to AB, to cut 


the lines AE, and BE, into proportional Parts, 
(by 2. 6. of Excl.) the two ſhips will arrive at 
the ſame time upon each of theſe parallels, and 
conſequently with regard to each other, will con- 


G 3 ._ _ [tins * 
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tinue on ine ſame runib, as when they were on 


the line AB. . 
3. It is then eaſy to know, if the line Ak, 
upon which the ſhip A ranges, is a proper courſe 
for meeting the ſhip B at the point E, by re- 
peatedly ſetting the fhip B by the compaſls, at 
little intervals of time. For if the fame bearing 

continues, it is a certain ſign the two ſhips arrive 
at the ſame time upon each of the lines CD, and 
will conſequently meet at E; but if after ſome 
time, the ſhip B falls to leeward, it may be con- 
. cluded that the ſhip A keeps too much to wind- 
ward ; -on the contrary, if the ſhip B is found 
more to windward, after having made a ſmall 
run, it ſhews that the ſhip A fall off too much, 
and muſt keep cloſer to the wind, not to. fall to 


leeward of the ſhip B. 
REMARKS. 


1. Though the ſhips A and B fail equally well, 
yet if the ſhip B continues failing clofe upon the 
wind in the line EE, the ſhip A, which is to 
windward, may come up with her by ſome other 
line as AE. Since the ſkip A failing with 2 
larger wind will run ſwifter, and may therefore 
run through the lines AC, while the ſhip B is 
running thro? the lines BD. 


— 


2. In like manner the ſhip A may come up 
with the ſhip B, by many different lines, if in 
falling off, ſhe increaſes her velocity in the ſame 
ratio as the lines AC. | 


% 
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"PROP. XXIV. 
. find the. 5 Fal. 4 Ship 


or croſs the Y, another, to 3 7 
he r. 


1. The ſkis A being 5 8 " 
the ſhip B, may poſſibly be ſo good a Fig. 40. 
ſiiler, that in tacking on any line as 

AE, the may run through the parts AC, white 
the hip B is running through the correſpondent 
parts BD, and conſequently come up with her at 
the point E. Whether AE be the proper line, 
may be tried as before, by frequently ſetting the 
ſhip B by the compals ; for if ſhe be found Kill 
to bear upon the ſame point, it ſhews the two 
ſhips anſwer each other by the parallels CD, and 
that they will meet at the point E. But if the 
ſhip B falls to leeward, the ſhip A keeps too 
much of the wind; on 'the contrary, if the ſhip 
B gains to windward, the ſhip A falls off too 
much; and therefore "if the can lay no nearer, - 
ſhe will not be at all able to cut or crols the 
way of the ſhip B. „ 0 


PRor. XXV. 


Tofind the Point where a Ship ought to Tack, to cut 
or croſs another to windward of her. 


I. If the two ſhips A and B, fail 3 
with equal velocity, they cannot cut or Fig. 805 
croſs each other, unleſs one be to wind | 
ward of the other. 


85 1 a 


Lets 

2. If the ſhip A, which is to leeward, out. 
fails the ſhip B, ſhe may croſs the other before 
ſhe gains the wind, and the point where ſhe is to 
make her tack for that purpoſe, may be deter- 
mined, if the time ſhe would take up in running 
through a line equal to the ſpace between them, 
is nearly known, as thus; 


3. Suppoſe the ſhip A is to run the courſe 
AD. and the ſhip B to run the courſe BE, paral- 
lel to AD; and that the time the ſhip A would 
take to run thro” a ſpace equal to the diſtance AB 
of the two courſes, were nearly known, Obſerve 
the time which has paſt fince the ſhip A anſwer d 
to the ſhip B, by the line AB perpendicular to the 
courſes, and that wherein ſhe anſwers by the line 
CH, which makes the angle HCA 45 degrees; 
and from that time, ſubtract the time the ſhip 
would have taken in Tunning through a line equal 
to AB, then will the ſquare root of twice the ſquare 
of the remainder, be the time that the ſhip A 
ſhould continue on her courſe from the point C, 
before ſhe makes her tack to croſs the coutſe of 
the ſhip B. Continue AB, and CH, till they | 
meet in the point G; and make CD, and HE, 
equalto GH ; then draw DG, which ſhall cut HE, 
in the point I ; laſtly, compleat the parallelogram 
GCDF, and draw HL parallel to BA. 


I fay, 1. That the point D, ſhall be the point 
where the ſhip A ought to tack, according tothe 
rule given. | £36 3 


Demmmft. Since in the rectangled triangle CAG, 
the angle C is 45 degrees, it will be equal to 
the angle G, and the lines AC, AG, 5 7 

| | equal; 


Wn 3 
equal; as alſo B H, BG; and CL, LH, « or 


AB. Then ſince from the time that the ſhip has | 


taken to run through the line AC, the time ſhe 
would have taken to run through the line AB, or 


has taken in running through the line LA, or HB; 
and the ſquare root of its ſquare doubled, will be 
the time ſhe muſt take up in running through GH, 
or CD : and conſequently the point D, muſt be 
the point where the ſhip A muſt tacks, Wakes 
4 to the rule given, 


4 | p int D, ſhall meetthe ſhip B, in the Rue E. 


' Demonſt. CD: HI: * G: H or: CA: 
HB; then ſince the ſhip A has run through. the 
line AC, while the ſhip B has been running thro? 
the line BH; ſhe will run through the line CD, 
while the ſhip B runs through the line HI. 


the line DE, while the ſhip B runs through IE 


and both ſhall come at the ſame time to the 
point E. 


A ſhould run ſomething beyond the point D, * 
reaſon ſhe will loſe ſome time in tacking, 


PRO. XXV. 
Remarks upon giving Chace. 
1. If the e e the: 


G 5 . wk 


CEA taken; the remainder will be the time ſhe 


5 || [3 ſecondly, That 5 ſhip A, tacking at the 


Likewiſe ſince "DE: EI: : DF: FG, and CG: 
GH:: CA: BH, the- ſhip A ſhall run throu 1 


4. It is 3 . that i in oraftice the ir | 


courſes of the two ſhips is ſmall, it Fig. £02 | 


Hand * 
will be beſt for the ſhip A to hold on her courſe, 


. 


* * $ 


till in tacking ſhe can cut the other. 


2. If the diſtance AB is very great, the ſhip A 
ought not to ſtand fo far on one tack, as in chan- 
ging her board to expect to cut the ſhip B, leſt 
the ſhould run too far, and fo the ſhip B eſcape, 
either by being favoured by the wind, or imper- 
ceivably making ſome alteration in her courſe, 


3. Neither ought a ſhip to tack, every time 
ſhe ſhall fee the ſhip ſhe chaſes about ; by reaſon 
of the time ſhe will thereby loſe. 1 | 


4. I think it may be laid down for a general 
rule, always to tack upon the veſſel in cbace: 
that is to ſay, that the ſhip A ought not to tack, 

till the ſhip B is fix'd in her courſe after tacking, 
by which means ſhe will never be diſtanc'd from 
the ſhip in chace; and if the wind does not ſhift, 
will probably fetch her up on the ſecond tack ; ot 
if the wind does ſhift, if to her advantage, ſhe 
will be ready to reap the benefit of it ; or if on 
the contrary, ſhe will be the readier to recover the 
difadvantage. = | 


5. In regard to the ſhip that is chaced, ſhe 
ought, 1. To make the beſt of the inadvertencies 
of her adverſary ; ſhe ſhould often change het 
courſe, and keep to that. ſhe finds moſt to her 
advantage ; that is to ſay, that which diſtances her 

- moſt from her enemy: 2. Not to be too ſolici- 
tous to keep cloſe upon the wind, if ſhe fails 
better with a large wind; for as the wind often 
changes during a chace, ſhe may poffibly find 
herſelf to leeward, by keeping the wind too cloſe. 

1 1 „ 23. Above 


z. Above all things avoid keeping up to the 

wind, when you are very much to lee ward of your 

enemy 3 On the contrary, ; go a little more large 
away than he, unleſs he ſteers directly down upon 
jou, for in that caſe you muſt ply to wind ward. 


PR Or. XXVI. 
Of. boarding a Ship. © 
| | f . E 1 Y 5 E . 75 : 
I. If the veſſel you would lay aboard be at 
anchor, you may anchor on his buoy, and veer 


away your cable till you fall aboard him; but then 
too he may cut away, and ſo you may loſe your 


al labour. 

H 2. Neither would J adviſe the furling your fails 
„ in falling aboard him; becauſe it will be eaſy for 
4 dim to keep you off with his boombs and boats. 

b | ; 
or 3. This way then I would prefer. Firſt, I 
be would get my ſprit-ſail yard fore and aft, then 
on with may top ſails a trip, I would lay him aboard 
the on the bow. In this manner I ſhould have more 

time and means to grapple him faft. | 
ſhe 4. If the ſhip you would board is under fail, , 
ae and keeps her wind, it would be beſt : hen too, 
net io board her on the bow, but it muſt be to wind- 
her ward elſe ſhe may eaſily avoid you, by keeping 
her her wind clofe : If in the inſtant you lay her 
2 aboard, ſhe wares from you, you muſt ware after 
ſais her, or ſhe will ſhoot a-head of you, which if 
2 you cannot avoid, be ſure you keep the weather- 


page of her, for the next opportunity of boarding, 


5. If 


07 
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5. If the ſhip you would board, goes before 


the wind, and you can out-ſail her, range up 
along her ſide, before you ſheer aboard her, 


6, When your Ship is under fail, you may eaſily 
avoid being boarded. For 1. If the enemy would 
board you on your bow to windward, you may 
ware ſhort round ; and if the enemy wares too, 
you may take luff for luff, which will infallibly 
put her to leeward of you; if the enemy keeps 
the wind, wait till ſhe has paſt you a ftern, and 
then tack again to the wind upon the ſame board 
you were before, which will entirely prevent his 
boarding you. 2. If he would board you on your 
bow to leeward, keep as cloſe as poſſible to the 
wind, fo ſhall the wind of your ſhip ſupport you, 
and becalm him, which will conſequently make 
him fall to leeward, and a · ſtern. 3. If your ene- 
my would board you on the poop, it will be 
ealy to avoid it, by giving your ſhip ever ſo ſmall 
a ſheer the contrary way. 1 


7. If two ſhips, friends, come with a large wind 
one againſt the other, they may avoid running 
foul, if the one falls off ever ſo little, while the 
other keeps her wind; but if one is cloſe upon 
a wind, the other ought to fall off, becauſe a ſhip 
cloſe haled is not always ſo ready to ware, 


8. If a ſhip is coming athwarf you a-head, 
you may avoid it, by laying all your fails a-back, 
If you are to leeward, but if you are to wind- 
ward, ſhe ought to ware ſhort. 


| 9. If in failing ona wind ina line of 
Fig. 51, battle, the ſhip A a-head be taken at 
ſtays, ſhe will be in danger of "_ 
a aboat 


De eg 


| LS: 12 
aboard the ſhip B which follows; in this caſe the 
ſhip B-muſt not put to ſtays for fear of falling on 
a third, and unleſs ſhe wares a great deal, ſo as 
to run out of her line, ſhe will only bear up into 
the others way, by the line BD; ſhe ſhould there- 
fore luff up, even to touching into the wind, from 
whence theſe two things will follow, 1. The ſhip 
B will leſſen her way. 2. She will get out of the 
line in which the ſhip A falls, by keeping the line 
BF, 8 . ; 5 . | 


10. If the ſhip A being at anchor, 
is is like to be run aboard by the ſhip B, Fig. 52. 
ir the ſhip B ought to ware ſhort round; _ 
| but if they are obſtinate and will not, the ſhip A 
ought immediately to veer away her cable. If the 
ſhip coming on the ſhip A, be cloſe on her wind 
as C, ſhe ought ſpeedily to lay all aback, unleſs 
ſhe is fo much to windward as D, for then ſhe 
ought to keep as much of. her wind as poſſible, fo 
as not to ſhake all her fails, leſt in laying aback ſhe 
drive foul of the ſhip A, ZZ 64 = 


11. If in a calm the current throws 
the ſhip B upon the ſhip A at anchor, Fig. 53. 
the ſhip B muſt be tow'd a ſtern with _ 
boats; unleſs ſhe be fo far advanc'd athwart her, 
that it would be eafier to tow her clear a-head. 


12. If the ſhip A at anchor, drives 

upon the ſhip B likewiſe at anchor, Fig. 54. 
they muſt both veer out cable, for it 
is the only means to bring him up that drives; it 
-_ be alfo proper for him to carry out another. 
anchor, . "7%, 5 


| 13 if 
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13. If. * A Driinfs,s and the” 

Fig. _ current OD throws her upon the ſhip 
B at anchor, where the channel is af a 


; ſufficient breadth, the ſhip A muſt veer out cable, 


and back her mizzen-top-ſail, to make her fall 


towards E, till her anchor takes, or ſhe: falls be- 


yound the ſhip B. In this caſe, as the cables will 
probably croſs each other, one muſt cut or veer 
it quite out, with a buoy at the end. | 


14. There may be many other circumſtances 
with relation to the boarding of ſhips, which might 
erhaps require particular rules; however, 'the(e 
Ja id down will ſufficiently lead to whatever cli 
may occur in pants. 


PRO p. XXVII. 
Of running + into Land. 


1. If you are obliged to run in upon an 5 


known coaſt, make as little fail as poſſible, ſending 


out your boats to ſound a-head, and at the ſame 
time keep the lead going on both ſides aboard; 
vhen you think you have a good birth for anchor: 


ing, brace too to give time for the boats to ſound 


all about ; ; you may then, if you find the place, 
convenient, anchor, but not moore, till you have 
better examined it, ſounding all around, and ſet- 
ting the neighbouring capes, to know if you have 
faſe riding. Laſtly, if you have time, make your 
ſef perfectly acquainted with the place, and i 
down a Plan thereof. 


2. If you are 1 with. the land you are 


running into, ſet the head - lands you know, to hid 
/ the 


. 
the exact point where you are, then running in 
with ſmall fail, obſerve the proper marks which 


lead you to good anchorage, 


Prop. XXVII. | 
To bring a Ship to an Anchor, 


> * — * . „ 


1, In fine weather, drawing near your anchoring- 
place, get your anchor clear, and your buoy ready 
o ſtream, alſo take a range with the cable about 
\t the bits, in proportion to the depth of water you are 
to anchor in; at the ſame time furl your main-ſajl, 
hale up your fore-ſail, and lower a little your top- 
ſail yards, Laſtly, when you are come to your 
anchoring-place, hale out the mizzen to bring up 
the ſhip to the wind, then clewing up one of the 
top-ſails, brace too the other to ſtop her way, 
which when ſhe has wholly loſt, and begins to fall 
Jt go your anchor, and veer away your cable till 
your anchor is a-ground, which if you have an 
wind, and the ſhip will fall, keep ſtill veering, till 
you have as much out as you think proper; if the 


une 


Jing 


ame Whip will not eaſily fall a-ſtern, you may help her 

wh with the mizzen- top fail aback. Ka 

mol: | En 

ound WI 2. If there be any currents againſt the courſe, 

place eu muſt not hale up all your fails till at the place 

have f anchorage, otherwiſe the currents will ſoon carry 

d ict- de ſhip away again. „ A 

have | Ne OT SE, 3 
 yout . You may alſo in fair weather, come to an 


nchor with all your fails abroad; laying all aback 
ſtop the ſhip's way the moment before you come 
. But this is not ſo convenient, unleſs you have 
great many hands to furl at once. 


nd lay 


Ou are 
to Rid 4. In 


* 


e Me 
4. In bad weather, it is moſt proper to come to 
with the fore-ſail only; by bracing which aback, 


yau may ſtop the ſhip's way. 2. In ſuch caſe, take 


two turns with your cable about the bits. 3. Let 
go the weather anchor, left the veſſel in falling 
ſhould rub the cable againſther cut-water, 4. Veer 
away a great ſcope of cable to ride her. _ 


PR O r. XXIX. 
To Moor. 
1. In places where the tides are commonly 


- ſtronger than the winds, you moor according to 
the ſet of the tides ; that is to ſay, if the tides 


ſet eaſt and weſt, your anchors ought. to lie eaſt 


and welt. 


2. Ships generally moor with a large -anchot 
and a leſs, commonly the ſmall bower ; giving the 
greater ſcope of cable to the beſt anchor; which 
is always laid where the moſt danger is expected. 


3- In places where the tides are very fmall, and 
the winds generally ſtrong, you ſhould moor in a 
line perpendicular to the wind, that ſo both your 
cables may bear alike z which cannot be done ina 


tide, where there are two motions entirely oppoſite. 


4. Moſt commonly the anchor you moor with 
is carried out with the boat, and ſo dropp'd as to 
anſwer right with the larger anchor a-head ; but 
if it be neceſſary, by reaſon of bad weather, to 
moor with too large anchors, after having let go 

our firſt, carry out a ſmall anchor in your boat, 
ſomething farther than you deſign to let = - 
: | | econ 


WM. 
- 


A 
ſecond, and heave your ſhip by the faid ſmall an- 
chor, till you come to the proper place to let go the 
ſecond. In this caſe there ſhould be but a ſmall 
range of cable allowed to the ſecond anchor, leſt 
falling all at one to the ground, it ſhould break or 
bend; but bitting it ſhort, pay out the cable gently, 
as you recover that of the firſt anchor. 

5. In fair weather, coming to an anchor, you 
may moor in this manner : Hale up your courſes, 
and take in the main-top-fail, then letting go your 
anchor without bitting it, and with a good range, 
pay out the cable very faſt, and ſhoot your ſhip 
over with the fore-top-fail, till you are where you 
would let go the other anchor, which do with the 
former precautions; after which as before, heave in 
the cable of the firſt anchor, as you veer out this. 


6. Where you have ſtrong tides, tis very eaſy 
to moor, by veering away your cable upon the 
ſtrength of the tide, till it is proper to let go the 
other anchor; then in heaving in the firſt cable, 
you veer away the ſecond. = 


rr 
RE M AA K , 
1. The reaſons of ſeveral of the rules above 
given are omitted, becauſe they are ſelf-evident. 
a N 2 3 = £8 V7 i 
2. Many things too I have let paſs, that 1 
might not run this Tract into too great a length; 
beſides, that for the moſt part, thoſe things which 
are omitted, are ſuch as will be eaſily learn'd in 
practice, tho? very difficult to be explain'd. 
| 3. Thoſe operations which depend more imme- 
ately on Mechanicks, may ſerve as corollaries to 
the Tract upon that ſubject. 1 8 5 
5 Before 


* 
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r 
Before we proceed to the Explanation of Term 
uſed in this Work, I muſt deſite the Reader to ob- 
ſerve what was, ſaid in prop. 4. that the head 
ſails binder E ſhip from yawipg, 18 not to be un- 


derſtood, as if you were to increaſe the head-ſalls, 


that ſhe might yaw leſs; it being certain, a ſhip 
fetches the greater ſheers, the greater way ſhe has 
thro' the water. It is therefore only meant, that 
the head- ſails correct the yaws a ſhip will neceſſa- 
rily take in a ſea; fo. that if a ſhip. were thruſt 
forward in a certain velocity by her after-ſails, ſhe 
would ſheer more, than if thruſt on with the 


ſame velocity by her head ſails only. So alſo in 


4. of the ſame propoſition, when it is ſaid the 
head-ſails bring a ſhip to, it is to be underſtood 
as there explained, for the head-ſails being aback, 
flat her off from the wind, +3 o ples 
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AN ALPHABETICAL. 


X PLANAT TON IM 
OF SUCH 
NAVAL TERMS 
e 

Occur in the foregoing TzacTs; of 


are occaſionally uſed in this, for the — 
planation of others. ; 


A 


— 


Ge Ney F. T. or ABAFT; js aſea-term 
to diſtinguiſh between things done, 
„ A *Þ cc plaedh ds the ſtem or 
6 * er plac'd from: wards the ſtem or 
fore- part of a ſhip, towards the ſtern, 
e or hind- part: As when chey ſay, 
mn aft or go aft ; that is, go towards the ſtern, 
4 1 hon aft : The maſt hangs aft 3 that i 1 
rds the ſtern. 
Hurd, the hinder part of the Bie 2 
ALTI- 


TW J 1 ; 
- ALTITUDE of the ſun, or a ſtar. Height fail. 
above the horizon. „ 


— 


| F | 24 1 pur; 
ANCHOR, is a maſſive iron, which being ter | 
caſt into the ſea or river, by ſticking faſt in the 7 


ground, prevents a ſhip's being carried away with abou 
the wind or current. It conſiſts of a ſhank or ſhip 
beam, with flooks at one end to enter the ground, 7 
and a ftock of wood at the other, ſerving to not 
guide the flooks ; it has alſo a ring, by which the 
it is faſtened to the cable. 3 | 7 
There are ſeveral forts of anchors, differing Wl right 
only in weight, which is according to the burden WM cab]: 
of the ſhip. 5 | 
Sheet- anchor, is the greateſt of all that belong WM up at 
to a ſhip, and is never uſed but in great necefſlity, WM dropt 
as being their u:moſt refuge, when forc'd to ride DP: 
on a lee-ſhore. | TIE... | 
Bom anchor, firſt and ſecond bower, or beſt and cable 
ſmall bower, are ſuch as the ſhip in fair weather 
may ride by, : 155 - 
Ledge- anchor, or hedger, uſed in calm weather, 
in a low ftream, or to kedge up and down 2. BE 
narrow river, left the wind or tide ſhould drive {W*<tio! 
the ſhip aſhore. See KEDGiNG. e- 
Grapples, or Graplings; are the ſmalleſt of al 
the anchors; they have four flooks, but no Rock: BE 
Their uſe is for a boat to ride by; or to throw! 
into an enemy's ſhip in a cloſe engagement, . ; 
c uch hold of the gratings, rails, &c. in order fu n, 
boarding her. | i 


— 
* 


70 ride at anchor, is ſaid of a ſhip which WP*aſur 
held faſt by her anchors, ſo as not to be driven wit 
either wind ar tide, 5 1 

To caſt or drop anchor, is to let it fall, to ſtop 

the courſe of the ſhip. . P 


Cit 1 


To weigh anchor, is to get it up, in order to ſet 


l. 
To ſhoe an 1 is to put boards fitted far that 


purpoſe, on the flook, that the anchor may the bet 
ter hold in ſoft ground. 


The anchor is foul; that is, the cable i is hitch'd 


about the 0 by the turning about of the 
ſhip. 


The anchor is come home, is ſaid ina it Hin 


the violence of the wind or tide. 

The anchor is a-peek ; that is, the anchor is 
right under the hawſe (or hole) through which the 
cable belonging to that anchor runs out. 

The anchor is à cock-bell ; that is, hangs right 
vp and down by the ſide of the ſhip, ready to be 
dropt. | 

Pudding of the anchor, are thoſe ropes which 
xe wound round the ring, to ſave the clinch of the 
cable from being r by the iron. 


B 


jection at che head of a oa OY by the 


al Y 
BEAM. "The Jane? are thoſe. * Gol. 
o imbers, which keep the ſhip's ſides aſunder, and 
A upport the decks, The main-beam, or midſbip- 


beam, or, as it is called by way of eminence, The 
Beam, is that next the main-maſt, and is | the 
Meaſure of the: ſhip's breadth.  _—- 


in the following inſtances: : 


not hold the ſhip, but that ſhe drives away by 


BEAK, or Beat. bead; is that ornamental pro- 


BEAR ; ; is a word us'd at fea 1 in various ſenſes, | 
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Bear 103 that is, let the ſhip ail more beſan 


. the: nd. * 


wind. | 
Bears in with the lend or harbour; 3 that i is, the 
ſhip ſails towards the ſhoar or harbour, with the 
wind large, or before it. 

Bears off ; that is, keeps from the land. 

The ſhip bears a good ſail ; that is, having all 
ber ſails abroad in a gale of wind, fails uprig t in 
the water. 

To bring the guns to bear; chat! is, to lie ge 

with the mark. | 


BEARING ; the point of the cond that 
one place bears from another. 


To BELAY, is to make faſt a rope in its 


proper _—.-- - 1 


BIRTH, is a convenient lows to moore a hip 
in ; as alſo a due diſtance obſerved between ſhips 
lying at anchor, or * BR :-: 


BITTS, are go main pieces of rn ſtand - 


ing pillar-wiſe abaft the manger, in the loof of 


the ſhip, with a croſs- piece for belaying the cable | 


ven the ſhip rides at anchor. In great ftorms, to 


ſtrengthen the bits, and ſecure the bows, the 1 


1s faſtened to the main. maſt. 


BOARD, is a word "variouſly uſed at ſeaz 
as, 

To go aboard; ſignifies to go into the ſhip. 

To heave over board; is to throw a 4 out of 


the ſhip into the ſea. | 2 * 


Bear up round; that | is, put her Tight before the 


/ 


> 


Þ "mo 5 


Nb by ſlip by the Beard; 3 is to flipt ben by the e 
10 Ing Th S 


Board ant Nor; j is When two ſhips. come ſo 


mar as to touch one another 3 ; Of when they lie 
fide by fide. 


To make a board; is to turn to ai and 
the longer your hrt are, the more you work 
into the Wind. 


'To boat i it up, is to beat it up ſometimes upon 
one tack, and ſometimes upon another. 


| She makes a good board ; 3 that is, the ſhip ad- 
vances much at one tack. _ 


The weather board, is that fide of the ſhip which 
is to windward. | | 


"To board a Hip, is to enter an enemy” 8 bigs in 4 
felt. 


1 F F-- © Ss 
* MS 4 # "T3 


BOOM, i is a ling's FOR 1 timber with ea 4 
the clew of the feuding fail is ſpread out; and 
ſometimes, the clew of the main- ſail and fore-fail 
is bam'd out, that by ſpreading them the broader 
tiey may receive the more wind, 

Broming 3 we ſay a ſhip comes booming. 1917 51 ä 


us, when ſhe comes all us; LONG BE e 
make, 3 13 


BO of a bid, b is that part of her, 0G 
begins at the Toof and compaffing ends of the 
bn, and ends at the ſtern· moſt part of the Ry 
caſtle. 

Bio-line, is a a rope made faſt to the leech o . 
middle part of the out-ſide of the ſail; ſt is 
( faliened by two, three or four ropes like a crow's 
ſoot, to as many parts of the ſail-; only the 
hizzen bow-line' is faſtened to the Jower end of the 
fard; this rope belongs to al: fails except the 


ſprit- 5 
« 3M 


„„ A recap err Rr en en EO O_—_ 


— 


„ 1 
rtl, and ſprit top - ſail; therefore thoſe fails 
cannot be uſed cloſe by a wind, for want of room 
to hale the bow · line forward dy, ſince the uſe of in 
the bow - line is to make the fails ſtand ep or, 
Cloſe by a 18887 


* 
* 


BRACES, are ropes belonging to al the 
yards of a ſhip, except the mizzen, two to each 
yard, reev'd through blocks that are faſtened to 

pennants ſeiz'd to the yard arms: Their uſe is. 
either 40 ſquare, or to traverſe the yards. All 
theſe braces come aft-ward on, as the main-braces 
come to the poop; the main top-ſail braces to 
the mizzen-top, and thence to the main ſhrouds; 
the fore and fore top · ſail braces: come down by 
the main and main-top-ſail ſtays ; and fo of the 
reſt. But the mizzen bow-line ſerves to brace to 
that yard; and the croſs-jack braces are brought 
forward to the main- on when a . ſails- 
clofe by a wind. | i 


BUOY, is a ſhort piece of wood, or cloſe- | 

. hoop'd barrel, faſtened fo as to float direct over 

the anchor; and by that means it is always Lngen 

wheteabout | it lies. | 

Stream the buoy; that is, let the anchor fall 
while the ſhip has way. 

To buoy up a cable, is to faſten whe niece of 
wood, barrels, &c. te the cable near the anchor, 
that the cable may not touch the ground, in caſe 
it be foul. or e leſt it ſhould be een 1 

cut off. © (te © LL os 


CABLE, isa are rope faſtened to thi cakes 
and proportioned to it; ſerving to keep the {by 


faſt while ſhe rides at anchor, 
Serve 


N y 


Serve or plat the Cable; that is, bind it about 
with ropes, n Oc. to keep it from Zawling 
in the hawſe. 

To ſplice a rable, is to make two pieces faſt 
together, by working the feveral * of the rope 
one into another. 

Pay more cable, that is, let i it more out from the | 
ſhip, "thas the boat which carries the anchor 
row the eaſier, the cable lying ſlack in the water. 

Pay cheap the cable, that is, put or hand it out 
apace. 

55 cer more a that! is, let more of i it run out. 

A ſhat of cable ; when the cable is double in 
length, to make the ſhip ride the eaſier. 

To quoil a cable, is to roll it up in a ring. 

To bend, or unbend a cable,” is to faſten it we! or 
looſe 1t from the ring of the anchor. 


CAPSTAN. Ships have uſually two {tho* 
both of the ſame form) diſtinguiſh'd by the names 
of the main-capſtan and the jeer-cap/tan ; the mam- 
- captan is a great piece of timber in the nature of a 
windlaſs, but ſtanding perpendicularly juſt abaft the 
main- maſt, its foot ſtanding in a ſtep on the lower 
deck, and its head between the two upper decks, 
form?d into ſeveral ſquares with holes in them. Its 
uſe is to weigh the anchors ; to. hoiſt up, or one | 
downthe top malt ; to heave any weighty thing; 
to ſtrain any rope that requireth a main force. 
jeer· capſtan is plac'd between the main-maſt and - 
fore- maſt, and ſerves to ſtrain any rope, to heave 
upon the jeer-rope, or upon the vio], or hold off 
by, at the weighing of an anchor. 

Capſian- bars, are the bars or pieces of wood that 
are put into the capſian holes to work the machine 
in — upany thing = — into the ſhip, by 


the 
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the help of as many men as can well ſtand at them, 
\ Spindle tbe capſlan, is the main body thereof, 

 Whelps of the capſtan, are ſhort pieces of wood 


Nike brackets, made faſt to.it to keep the cable from 


coming too nigh in turning it about, 
Paw] of the capſtan, is a ſhort piece of iron 


made ſaſt to the deck, cloſe to the body of the cap- 


tan; but yet ſo as that it hath liberty to turn every 
way, and againſt it the whelps of the cap/tan do ſo 
bear, that the cap/lan may be thereby ſtopt from 


turning or reverſing, and this ſtoppage is term'd 
pawling the capian. | 


Man the cap/tan ;, that is, have all the hands ne- 
ceſlary to heave at the cap/tan bars. 2 


Come up capſian, or launch put the capſtan; "that 
is, ſlack the cable which you heave b J- | 


CHASE, ſignifies the ſhip chaſed or purſued, 


CHASER, is the ſhip in purſuit of the chaſe 

Stern chaſe, is when the chaſe 1 is right a- head of 
the chaſer. 

Te lie with a ſhip's Fes - foot in a chaſe, is to fail 


che neareſt way to meet her, and ſo to cioſs her i 
her way, or to come acroſs her fore Foot. 


CHESSE-TREES, are two ſmall pieces of 


timber with a hole in them, on each fide of the 


ſhip, a little before her loof ; their uſe is for the 


main tack to run Nu 70 and to hale i it down to. 


CLEATS; or, as ſome call them, Chu 
Keuels, or Knewels, are ſmall pieces of wood 
nailed to the inſide of the ſhip ; Their uſe is to 
belay the rr and tacks unto. Cleats are allo 
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pieces ie fled on the yard arms, to hop the ropes 
from iPP! | 


ng off mo mer £ 
* | 41. 3 
CLOSE. HAWLD ; A hip is nad to TY 


hawP d, when her fails are trim'd ſharp, lo; as to fail | 


as near the wind as poſſible. > 


. CLEW of 4 fail, is: the e dortiger of OF to 
which are made-faſt the ſheets and tacks. | 


COUNTER „Ha ip, is uſually, diſtin- 


- guiſhed into upper and lower. 


 Upper-counter, is the hollow arching from the 


gallery to the lower > of the ſtrait-piece « of the 
ſtem ,, 7 1- 


% 


Laus is between the tranſom, and | 


the lower part of the ns. 


M 1 


COURSE of a ſhip, i5 - that oi of the 


compaſs on which ſhe fails; and is indeedthe angle, 


that the rumb line ſteer'd 9 e with the 
meridian. 


- 


| COURSES, are the boys ab, bela 
the main-ſail and fore-ſail. _ : 


CUT-WATER, is that thin ie 
knee under the beak-head, and is ſo ROY be- 


cauſe it cuts or divides the water before it comes to 


the bow. 16 - Ms D f 5 . pe 2-40 
DECK of a ſhip is a EY boot from 


ſtem to ſtern, whereon is plac'd the ordnance, 
and on which the men walk. Great ſhips have 


three decks,. firſt, ſecond, and third, beginning to 


_ -account from the lowermoſt. 
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5 Half deal, reaches from the main maft to he 
ſtem of the ſhip, 
 Duarter=dech, is that aloft the teerage, reaching 
to thetound- houſe.” 1 


FALL of a tackle is that an of that! whe 


which is haled upon, 
Fall off; a ſhip is ſaid to fall off, when in ſailing 


ſhe keeps not ſo near the wind as ſhe ſhould do. ; 


FATHOM; a meaſure of ſix foot. 
FORE and aft; that is, from ſtem to fern. 


FRESHENS ; the wind freſhens, that i is, blows 
ſtronger. | 


FURLE, (bind or make up) as to 8 a fall, 
is to wrap up, and bind it "_ to the yard. 


GAGE, a ſhip's gage, is ſo many feet as ſhe 
ſinks in the water, or fo many feet of water 3s 
ſhe draws ;' Which ſeamen find thus: They drive 
a nai] into a pike near the end, then putting it down 
by the rudder till the nail catch hold under it; for 
then as many feet as the pike is under water is the 
ſhip's gage. 


} 


anther gage ; when one ſhip has the wind, or 
is to windward of another ſhe is ſaid to have "the 


weather-gage, of | her. Os. e 

To GRAPPLE, is to hook faſt an enemy's 

ſhip, inorder for boarding, | 

' GRAFPPLING. See Axen. 
| oni 
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Gre; the gripe of a J is : the TY 
and ſharpneſs, of the ſtern under water, eſpecially 
toward the lower part. The uſe theteof is to 
make a ſhip keep a good wind, and therefore fome- 
times when a ſhip will not keep : a wind well, they 


put on another falſe ſtem. to the true ſtem, to make 


her gripe more. "Ba 


70 gripe; we fay a ſhip doth Fade when ſhe is | | 


apt (contrary to the ache of the helm) to run 
her head more in the wind than ſhe ould, There 
may be two cauſes of this, th th one when a fn oe is 
too deep a-head, ſo that by reaſon of the weigt 
which preſſes down her head, ſhe is unapt to NA 
way from the wind; the other may be the ſtay ing 
of the maſts; for if ſhe be a ſhort ſhip, and draw 
much water, if her maſts be ſtay'd too much aſt, 
it will cauſe her head Rill te to run into the wind. 
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HALE, e 33 28 to * rs 33 


up; to Bale in or ont, n n 


HAWSES, are great holes in the ſhip's head 


through which the cables. ms han a hes at 
anchor. 


Bold ef ; chat is, when the holes are high 


above the water. 

Freſh: the" "tr Wy or 8 100 mort cables is 
when part of the cable that lies in the haw/e is 
fretted or chafed, and it is requiſite that more 
cable ſhould be veered out, ſo that bras. 9-3 of 
it may reſt in the h 


Freſt the batoſe ; that is, Sho new pieces upon 


the cable in vehe age 5 preſerve it from fretting.” 
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Burning in the hauſe; that is, when the able 
endures a violent ſtreſs, _ R 


Clearing the hawſe ; 'when two cables that come” | 
through ſeveral hawſes are twiſted and entangled 


one with the other ; the AS. of them is 
call d clearing the hawſe. | AL)! 


Thwart the hawſe, or rides upon the bauſe | ik 


is, when a ſhip lies thwart, or croſs, or with her | 


ſtern juſt before another ſhip' 8 hawfe. $ 
HAWSER, is a a great rope, or a ſort of Fel 


cable, ſerving for various uſes aboard a ſhip ; parti- 
cularly to warp a ſhip by as ſhe lies at anchor, and 
wind her up to it by a capſtan, Oc. Note, hawfers, 
like cables, are in proportion to the ſhips for whoſe 
uſe they are deſign'd ; for a great ſhip's hatuſer may 
ſerve. for a cable to the ſheet anchor of a ſmall ſhip. 


HEAD /ails, are the ſails belonging to the 
fore-maſt and bolt - ſprit; for they govern the head 
of the ſhip, and do make it fall of; and tlieſe in 
quarter-winds are the chief drawing fails, v2, co 


HEAVE ; that is, to throw away; as heave 
it oer board; that is, fling it over board. 12 


FE, at the capſtan; that is, turoing, about 


thecapſtan.. ri 7 | 8 


I 


oe and ſet ; that is, 1 a ſhip beuge : 


anchor, riſes and falls by the force of the waves, 


1 is then ſaid to heave and *: 10. 9/29, Ne 


' HELM, or Taller is that piece. af timbes which 


is faſtned into the rudder, and{ocomesforward-into . 


the ſteerage, or place where he at the helm ſteers 
the ſhip, by holding the whip:ſtaff in his hand, 
Large ſhips have Commonly a wheel like thoſe in 
Cranes, 


4] 


_- 


— 


cranes, lac'd NI the . and coach, 
which has feveral advantages above the, common. 
method. | 


Bear up the 1 z that is, let the ſhip gon more 
large before the wind. 

Helm a mid ſbip, or right the hein; that i is, keep 
it even with the middle of the ſhip. 

Bear up round ; that is, let the ſhip go directly 
before the wind; in the middle, enn! her two 
ſheets. 


Port the helm; that is, put the helm over to the 
left ſide of the ſhip. 


Starboard the helm; that is, port it to the right. 
ſide of the ſhip. 

Baſe the Fr ; that is, let the hip 80 more. 
large, or more before the wind, 


Feel the helm; a ſhip is ſaid to feel her helm 
when ſhe ſteers readily. 7 
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HOISE, is to hale up any thi ing into the ſhip; "# 


or getting up a yard, Cc. as 85 up the . 
haiſe the water in, SS; i 


HULL of a ſhip, is the full bulk, or main 
body of a ſhip, from ſtem. to 15 without either 
maſts, or rigging. 

To tribe a bull; thar is, in 1 orm, to lie cloſe 
in the ſea, or tarry for ſome conſort, bearing, no. 
ſail, with the helm laſhed N | | 

To bull, or lie a hull, or hulling ; is ſaid of a 
ſhip when either in a dead calm, (to prevent her 
beating the ſails againſt the maſts by rolling) ot in a 
ſtorm, when ſhe cannot carry them, ſhe takes all 
her ſails in; ſo that nothing but her maſts, yards, 
and augen 2 are abroad ; the helm | is laſh dfaſt to the 
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ee-fide of the ſhip : In this condition, if ſhe is a. 
good ſailer, ſhe will lie eaſily under the ſea, and 
make her way one point * the beam. ho 71 


KEDGING, is when a ſhip is W up 
or down in a narrowriver, the wind being contrary 
to the tide, and yet ſhe is to go with the tide: They 
ſet the fore · ſail, fore top-ſail, and mizzen-ſail, 0 
let the ſhip drive with the tide, ſo that they may flat 
her about: And if ſhe happen to come too near the 
ſhoar, then having a ſmall anchor in the head of the 
boat, with a ſmall hawſer faſtned to it from the 
ſhip, they let it drop in the middle of the ſtream ; 
and this will wend, or turn her head about; when 
ſhe is come fully about, they heave up the anchor 
again. This ſort of working is called to hedge, or 
keaging; and the anchor thus uſed is called a tedger. 


KEEL, is the firſt or loweſt piece of timber 
ina ſhip ; it lies in the very bottom of her hull, 
one end whereof is at the ſtern, the other at the 
ſtem ; and into this, are all the ground timbers and 
hooks faſten d and bolted fore and aft. - 
F.Llunlſe heel, is a keel put on under the firſt, in caſe 

the ſhip be ſhallow, and fo over-floaty, and roll * 
much. 1 


LARBO ARO, is the left-hand-ſide of: the 
ſkip, when you ſtand W face towards the 
head 


LARGE ; a ſhip goes large, that is, ſhe goes 
neither before the wind nor upon the wind; but, as 
it were, guartering between both, with a freſh gale, 
. all ſails drawing. 1 

14 


e }_YÞS> mn eee ee 8 Aa 


Bs wy 


Wn hs F 
7a ſail with a large * that is with a fair 


wind. 1 


LEE. This EET is en 660 ot gene- 
rally ſignifies the patt oppolite to the wi; z as the 
l:e-ſhoar is the ſhoar againſt whick the wind blows ;. 
but to be under the les of the ſhoar, is to be cloſe 
under the weather ſhoar, that is, the ſhoar whence 
the wind doth: come. : 

Lee-hatch : Have a care oft the lee- Batth : that 
is, take cate the ſhip does not go to the leeward | 
of her courſe. _ | 

A lee the helm; mat! is, put. the helcs to the lee- 
ward ſide of the 7 

To lie by the 77 3 on to. come up py the ks? : is to 
bring the ſhip ſo, that all her ſails may lie flat 
againſt her maſts and ſhrouds, and that the wind 
may come Tight upon ber broad 1 


LOG, i is a little 1 of wood of a tilangilar 
form, with as much 
ſerve to make it ſwim upright in the water, at the 
other end it is made faſt to the 1g · line. 5 
Log-line, is a ſmall line, having the log faſtned 
to one end; and is wound upon a reel. The hg- 
uy for about 10 fathom in ſmall ſhips, or 15050 
reat ones from the leg, has or ought to have 
29 nots or diviſions, becaufe ſo much ſhould be 
allowed, that the lag may be out of the eddy of 
the ſhip! s wake, before the glals be turn'd up: 
Then the knots begin, and ought to be at leaſt 30 
feet 1 3 though the common practice at ſea 
is to have them but 7 fathoms, or 42 feet diſtance, 
The uſe of the log and g- line, is to make an eſti- 
mate of the ſhip's Way, or diſtance run, by heave | 
ing it every hour, or every two W e 
—W To 
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To hende the log, is firſt to to throw it into the 
water, and let it run away ſo far, as to be out of the 


eddy of the ſhip's wake; then one having a half- 
minute glaſs ready in his hand, turns it up juſt when 


the firſt knot runs off the reel; and ſo the line 
running eaſily off as the ſhip moves, when the glaſs 
is out, he cries op, and the other ſtops the feel: 
Then counting the knots run out with the odd fa. 
thoms or feet (if any) they reckon, for as many 
knots as run out in half a minute of time, ſo many 
miles the ſhip ſails in an hour; and for every 5 odd 
feet, a tenth part of a mile more. Thus three 
knots in half a minute, is three miles an hour; and 
four knots 25 feet in half a minute, is four miles 
and a half an hour. i 
The common diviſion of the lag- line, is ground- 
ed upon this ſuppoſition; that a mile contains 5000 
feet, and 60 of ſuch miles a degree; whence a de- 
gree would contain 3900900 feet. Now half a mi- 
nute being the 120th part of an hour, and the 120th 
part of 5000 feet being 41,6, Sc. or near 4 
feet, therefore as many times 42 feet as the ſhip runs 
in half a minute, ſo many miles ſhe goes in an hour. 
So that according to this ſuppoſition, 42 feet mult 
be the diſtance between the knots upon the g- lin. 
But this ſuppoſition, and conſequently the practice 
from it, is certainly erroneous; for a degree | 
now found to contain 360000 feet at leaſt ; there- 
fore a minute or a mile muft contain 6000 feet 
{which is the true ſea mile) and ſince balf a minute 
is the 120th part of an hour, the 120th part of 6000 
feet is 50 feet, conſequently as many times 50 feet 
as the ſhip runs in half a minute, ſo many miles The 
makes in an hour (ſuppoſing her to hold her pace) 
1 the diſtance between knot and knot 
would be 50 feet. en e 
| ? ILOOF , 
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LOOF, or Louf of «ſhip; is that part of her 
aloft, which lies ju before the cheſſe- trees. 
1 LEM Luff, is alſo a word uſed i in condings 

ip. 

Luff, keep your Lug, that is, keep the tip near 
the wind, 1 7TE8 

Luff up, that is, keep nearer the wind, 

To luff into a Barbour; z Is to ſail into it cloſe "oy 
the wind. 7 

To ſpring the luff, is when 4 ſhip 108 hy ore 
was going large before the wind, is brought cloſe 


by the wind. 


Loxodromick-line, is the line of the ſhip's way 
when ſhe ſails upon a rhumb a Ik to the me- 
ridian. 


LYE under the fra; 1 is; ſaid of a ſhip 1 5 4 
helm is laſh'd falt a- lee, and ſhe lies ſo bull, that 
the ſea breaks upon her bow, or broad ſide. 


M 
MOOR ; to moor a ſhip, is to low out ber 
anchors ſo as is moſt convenient for her fafe and 


ſecure riding. A ſhip is not ſaid to be _— 


unleſs ſhe has at * two anchors out. | 


POINT of the compaſs, is the 5 part of 
the circumference of the circle on the card, or 
11 degrees 15 minutes; therefore half a point is 
5 degrees 37 minutes; a quarter Point is is 2 e 

minutes. 


POOP of a ſhip, is the higheſt, or renn 
wo of her bull a- ſtern. | | 


3 8 


1 "= 
+ PORT, or port the helm, is a word of com- 


mand to him at the helm, to put it to larboard, 
which will make the ſhip go to ſtarboard, _ 
The ſhip heels a- port, that is, leans to the left. 

Poris, are thoſe holes in a ſhips fide, e 
which the 118 ue” are put out. 


£ 2 , 
| QUARTER of a ſhip, is that part of the 
ſhip's bull which lies from the _Reerage-room to 


the tranſom. 


QUARTERING ; the /bip goes quartering, 


that | is, ſhe. goes upon a quarter-wind; or ſhe 


goes neither by a wind, nor before the wind, but 


betwixt both. 


Duarter-wind, is when the wind comes in abaft | 


the main-maſt —— even with the quarter. 
| * 


RAKE of a ſbip, is fo much of * hull as 


hangy over both ends of her keel. 
Ne. rale, or rale: fortuard, is that part of it 


which is before, and is uſually more than a third, 


but leſs than half the length of the keel. A long 
rate forward gives the ſhip a good way; but then 
if ſhe has not a full bow, it will make her apt to 
We much a head into the ſea ; beſides, is a great 

e and ſtreſs to a ſhip; becauſe ſhe hangs over 
160 a fiend, But when a ſhip has a ſmall rate fot- 
ward, ſhe becomes fo bluff-headed, that the ſea 


: beating continually upon her bow, ſhe cannot cut 

the water fo er as ſhe ought, and conſequently 
will make but ſmall way: 

Rake-aft, or rake-afiward, is that part which 

is at the fetting on of the TIO: -poſt, and is 1 

8 | Tay 
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rally about a. fourth or a woe her fores | 
rale. | 


e is the alt- men vn of the 


REEVE, is to draw » rope through a dock t ts 
run up and down. 


RIDE 1-0 Gli did e when Ju wants. 


hold her faſt, ſo that ſhe drives not by the force of 

the wind or:tide.. And a ſhip is faid tio 
Ride well, when ſhe is built fo, that ſhe 8 

over- beat her- ſelf into a head - ſea, fo that the waves 


do not ovor-rake her, that | is, over-waſh her from 


ſtem to ſtern, 
Ride a-thwart, is to ride with her fide to the 
nde; and then ſhe never ſtrains her cable. 
Ride betwixt wind and tide, is to ride fo that the 
wind has equal force over her one way, and the 
tide the other; which makes aſhip roll and tumble: 
very much, yet not ſtrain her cables much. 
Ride hawsful, or to ride a ſireſs; that is, when in 


a ſtreſs of weather, the ſhip falls deep into the ſea 


ml her head, fo that the water runs in at herhawſes. 


ROAD, is any place near the had, where 
ſhips may ride at anchor. 


RUDDER of a ſhip, is a piece of timber 


which hangs at the ſtern- poſt, having four, five, 
or ſix ixons, called piniles, .according to the big- 
neſs of the ſhip, which pintles are fitted to the 
gudgins at the ſtern · poſt ; this rudder is, as it were, 
the bridle which governs the ſhip ; the narrower 
the rudder the better, if the ſhip do feel it, ſor 


a broad rudder, as it holds much water, too much 


tops a wy s Way. when put over to either fide ; 
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but if the ip habe a fat quarter, ſo that * 
- water cannot come quick and ſtrong to the rudder, 
then ſhe will require a broad rudder, The putti ing 


to of the rudder, is term'd the hanging of ther. 
der. The part or edge next the ſtern- poſt, is call'd 


the inſide «of the rudder ; the aftermoſt part, 1 | 


the rake of the rudder, 


The rudder rope, is a rope reev'd. thro? a \ hots. 


in the rudder near the head, and likewiſe through 
the ftern poſt, both ends being ſplic'd together. 
Its uſe is, to ſave the rudder, if by _ a 
10 chance to be — \ 


RUMB, Rhumb; or courſe of a ſhip, is the 
angle which ſhe makes in her ſziling with the meri⸗ 
dian of the place where ſhe is. See Courss. 
Complement of the rumb, is the angle made by 
the line of the ſhip's Yo: with any en to the 
1 So 

Rumb ſignifies alſo one beit of the marinen 
compaſs, or the 32d part of the card, or Horizon, 
that is, 11 degrees 15 minutes. 


Rumb-line, is the line that is deſcrib'd by the 


ſhip's motion, onithe ſurface of the ſea, ſteer d by 
the compaſs, making equal angles with every mei- 
dian. Theſe rumb lines are heliſpherical, or ſpiral 
lines, proceeding from the point ſet out from, 
winding about the globe of the earth, and after in- 


finite revolutions come to the pole, where they end, 


WE: LoxopROMIck-LINE. 

In plain and Mercator's failing, theſe rumb line 
are repreſented by ſtrait lines. Their uſe is, to 
ſhew the bearing of any two places one from an- 
other; that is, upon what point of the compel 
any place lies _ e FR is deen 


1 fo | RUN 
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RUN 'of a ſbip, is that part of hey hull under 
water, which comes narrower by degrees from the 
floor · timbers to the ſtern · poſt. This is alſo call'd 
the ſhip's way aft-ward ; and according to the ſhip's 
run, ſhe ſteers well or ill, by reaſon of the eaſineſs 
or difficulty of the water's paſſage to the rudder.” If 
too ſhort, and too full below, the water comes "ke 
flowly-to the rudder; becauſe the force of it is broke 
by her breadth. This i is ſometimes remedied by put= _ 
ting on a falſe ſtern- poſt, tho' it is better to leng- 
then her. FFT 
Good run; a hip. is ſaid to have a good run, when 
ſhe comes off handſomly by degrees, and her tuck 
not lying too Jow. _.. : 
Bad run, when the tuck of a ſhi p b too ach 
it hinders the paſſage of the water to the rudder, and 
therefore ſhe. cannot ſteer well, nor keep a good 
wind, nor make any good way thro? the ny but 
will be mil meg to i 1 . 


8 
SEEL ſignifies much the ſame as huts for as 
it is called Feeling: when a ſhip lies down conſtantly f 
or ſteadily. on one ſide; / ſo it is called ſesling, when 
ſhe tumbles on one ſide violently and ſuddenly, by. 
reaſon of the ſea's forſaking her, that is, the waves 
leaving her for a time in a rolling ſea. + | 
Lee ſeel; that is, when the ſhip tumbles to FR 
ward. In this, even in a ſtorm, there is not much 
danger, for the ſea will preſently right her up again: 
But in caſe a ſhip ſeels, or rolls to "windward, then 
there is fear of her coming over too ſhort or ſud- 
denly, and ſo in danger of being foundered, by the 
ſea's breaking right into her; or at an having 
ſome of her W e away. = 
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SET; to obſerve on what point of the com- 
paſs the ſun, a ſhip, Or an head * W is 
edll'd ang the 1 lands e. 


skikkR 3 thatis, ts bring tovand akin N 
The ſhip-fhzers ; that is, goes in and out, and not 


right . either by not ſteering ſteadily, or by 
means of the ſwift running of the tide, &. = 


fuch caſe, mo ſay, fo n enen 


SHEA Ts, are ropes bent to the clew of the 
fails; ſerving in the lower fails, to hale aſt, or 


round off the clew of the fails ; but in top-ſails, 


their uſe is to hale home, that is, to bring ne chu 
of the ſail cloſe to the yard arm. 

Standing part of 1 the fheat, is that part of it which 
is made faſt to the ring of the ſhip's quarter. 


Over hals the feat ; that is, hale upon the ſtand 


ing part of the ſheat. 

To Hale aft the main ſhears, i is in order to. male 
the ſhip keep by a wind. 

To Hale aft the fore ſheats, is » that the ſhip may 
fall off from the wind. 1145 

' Raſe thr ſheat ; that is, veer ity or let ie gyn 
. LA ue that is, let 1 ge at. tl 
+ and run out as faſt as it can; then the fail will hang 
looſe, and hold no wind. 

Tally the ſhrats; that is, hate aft the meat d 

the main and fore * 955 

Flown fheats. A ſhip is faidto fail with Jews 
heats, when her ſails are not haled home, or cloſe 
to the blocks. 

The ſheats ae flown 3 thats, they an et look 
or to run as far as they will. 


C 
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| Falſe beat, is a rope bent to the clews of the 
main and fore-ſail; above the ſheat block, to ſue- 
cour and eaſe the ſheat in a violent guſt of wind. 


To SHIVER or Shake a fall, is to bring the 
yard in a line with the wind. TN TT 


SHOT of @ cable,. is the ſplicing of two ca- 
bles deer that a ſhip may ride ſafe in deep wa- 
ters and great roads: For a ſhip will ride eaſier by 
one ſhot of a cable, than by three ſhort cables 
out a head. es „ 13 


To SOUND, or founding, is to 2 the depth | 
of water by a line and plummet, called a 


find where the ſhip may fail by the depth of the 
water. It is generally about 20 fathom in length, 
and mark'd at two fathom next the lead, with a 
* piece of black leather; at three fathom the like, 

but ſlit; at five fathom with a ary of white cloth ; 
at ſeven fathom with a piece of red, c. with ſome 
aach diſtinction all along. This line may be uſed 
ot when the ſhip is under ſail; which cannot be done 
: ſo well with the deep ſea-line, in uſing of which the 
„hip is uſually brought upon the back-ſtays,, | , 
ng 


SPOOMIN G, or Spooring; when a ſhip 
being under ſail in a ſtorm at ſea cannot bear it, but 
is forc'd to put right before the wind, without an 
fail 3 then they ſay, the ſhip pt So that if a 
ip will neither #y, nor Hull, then they ſpoon x 

that is, put her right before the wind. + | 3 

Spooming with the fore-ſail ; that is, when in 

ſpooming there is danger that the ſhip may bring 
her maſts by the board with her rolling, hey 
unden 


- 


Sounding-line ; that is, a line by which ſeamen © 
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CORY to the helm, 
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under water, and ſo founder; then ĩt is uſual to ofet 


up the fore · ſail, to make her go the N abe 
cially if there be ſea · room enough» _ 


STARBOARD, i is the right ſide of the ſhip, 


or the right hand; as larboard-fide is theleft, 
Starboard the halen: or helm a ſtarboard, in cond- 


ing a ſhip, is to-put the helm to the right ſide of the 


ſhip, or to put the helm a- ſtarboard, to make the 
ſhip go to the larboard; for as 21 = ſails 


5 


STAYING a ſhip, or to "IR a hip upon 1 


Hays, is in order to her tacking; and is done thus, 


At the fame time, bear up the helm, let fly the 


fore-ſheat, let go the fore-bowline, brace the weather- 


brace of the fore-ſail. The ſame is alſo done to the 
top-ſail and top-gallant-ſail, only their ſheats muſt 
be kept faſt. If the, ſprit-ſail be out, then lt go 


the ſprit ſail heat, with the Verf. Heat, and br ace 


the weather-brace. 


But the tacks, ſheats, bracings, and bowlinebf 


the main-ſai), 1 rin hes 7 and mizzen, are not 
altered. . 


And when the wind comes in at the bow, which 


before was the lee-bow,' it drives all the ſails back - 
wards againſt the ſhrowds and maſts; ſo that the 
ſhip makes no way forward, but drives with. her 
broad ſide. - Thoſe are rcd the beſt ſhips, 
which will fray with the feweſt fails. © 


STEER. To Hay a ſhip, is to 1 or direA 


her courſe by the helm. There are three kinds 


of direction to ſteer by, HS. 


1. By any mark; on the land, iS; as to keep the 
ſhip men 121 it. 


2. By 
- | 2 #4 vx 


the rake of the ſhip z 


Reg) 163 1- 

2: By the compaſs ;' which is to keep the ſhip? 5 
head upon ſuch a rumb, or point of the compaſs, 
as bel leads to the deßigned port. 23 

. To fleer as one is bidden, or conn” 11 which 
is 8 duty (in great ſhips) of him that is taking 
his turn at the helm: And he is reckon'd the beſt 


fleers-man, that uſes the leaſt motion in putting the 


helm over to and again; and that keeps the ſhip beſt, 


from _—_— Ne. rer is, n eee in . 


Out. 551 412 11 25 


SEER AGE, is that 8 of the ip next 


below the quarter- deck, before the bulk-head of the 
great cabin: Tis here, in moſt ſhips of war, ſtands 


the ſteers-man, or he that guides the ett or rud- 


der of the ſhip. . 


STEM of A bi. is that great tanks which 
comes compaſling from the keel (wherein it is 
ſkarfed) up before the fore -caſtle. This fem guides 


planks forwards are fixed 5 | Pg: 

False: tem, is fixed before the right one, when 
that is made too flat for the ſhip to 7 the wind 
well; which defect is rated by a falſe Jem, 


that will make by rid more. Way, and | Ear a ber- 
ter m ne 


STEP. of ht maſt, or enn in a ip is 


that piece of timber whereon the: maſt. or caption | 


lands at bottom. 
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STERN of a TR 18. ies the 408980 | 


part of a ſhip abaft z though generally ſpeaking, it 
5 al] the hindermoſt or aftmolt 1451 of a Now Ft 
tg a? 


and all the butt-ends of the , 
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Stern: paſt, is a great timber let into the keel, at 
the ſtern of the ſhip, ſomewhat ſloping, into which 
are faſteg'd the after : planks; and on this: poſt. 
hangs the rudder, by its pintles and gudgeons, . 
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TAC, is a great rope with a whale knot at 
one end, which ſeiz'd into the cle of the fail,” is 
reev'd through the cheſs-trees, and then is brought 
through a hole in the ſhip's fide. It ſerves to carry 
forward the clew of the fail, to make it ſtand cloſe 
by a wind; the zacks of a ſhip are uſually belay'd 
to the bitts, or elſe there is a cherf or cleat on pur- 
poſe to faſten them; they belong only to the main- 
ſail, foreſail, and mizzen. When the ſails are to be 
trimmed,*ſo as to ſtand cloſe to a wihd, the main, 
fore and mizzen tack are brought cloſe by the board, 
and over-haled as forward as they can be; the bow- 
lines are ſo alſo cn the weather- ſide, the lee-ſheats 
are haled cloſe aft; as alſo the Iee-braces of all the 
fails are likewiſe braced aft, and the top-fails are 
| bracns and govern'd as the fails to which they be- 
ong. _ 5 3 1 
Bale abbard the tacks; that is, bring the wad 
down cloſe to the cheſs-trees., 
| Baſe the tac; that is, flacken it, or let it go ot 
run out. | „ | 9 
Let riſe the tack, that is, let it go all out 
The ſhip ſails, or fands cloſe upon a tact; that i 
cloſe by the en. 
To tack about, is to bring the ſhip's head about, 
fo as. to lie the contrary way; which is perform's 
thus: Frſt make the I; {tay ; and when ſhe 1s 
ſtay d, they ſay the is pay'd; then let riſe and bat; 
that is, let the lee · tack riſe, and hale aft the ſheats 
and ſo trim all the fails by a wind as before; Fey 
J 


; = *% hs. ted i , ” 


anda block with a _ at the other end. 


N 
that which was before che . 
b boy ſet up the other taught, And thus 
they do alſo by all ſheats, braces and tacks, which 
a ſhip that is m a ne muſt have, * 


4 2 PA 


TACKLES, are ber running” in three 
Parts, baving a pennant with a block at one end, 


£ N . by” Y 1 W's 


TAUGHT, or Tut, bene if or aft ; 


as hale taught #rops,” that is, fer] it PORES or Rea” 


TILLER, the fame with the pak & a z ſhip 
It is moſt properly uſed in a boat, where that which 
would be the helni'of a ſhip, is call'd the . 
and ſerves for the 2 ue: 


TRANSOM,. is a piece of ti 5 that lies 
a-thwart the ſhip's ſtern, between the ttvo faſhion 
pieces, directly under the gun-room port; and it 
Jays out the breadth of the ſhip, at the buttocks: As 
when a ſhip is built broador narrow at her . 
ſhe is ſaid to have a broad or narrow butt ET 

beſt L602 h 

TRIM of 4 is her beſt e 3 
tion of ballaſt, and hanging of her maſts, &e. for' 
lailin 

To find the trim of a flip x; 3 that i is, to find the 
beſt way of making any ſhip ſail ſwiftly, or how he 
will fail:beft : This is done either by trying: her | 
failing with another ſhip, ſo many glaſſes trimm . 
bead, fo many a- ſtern, and ſo many upop an even 
keel; or elſe by eaſing of her maſts and fhrowds; 
ſome ſhips ſailing much better when ſlack, than 
when they ate taught. But this depends very mu 
upon 8 and 5 andt the ſeveral hich * 

, whic 
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. which the commander and othero officers 7 make 
et Fir 155 


IRD; ; 0 the ſhip, gen 00 "em eil Etta; 

that is, when ſhe carries her top-ſails hoiſted upto 

. the higheſt; when it blows not tos hard, but a 9 3 
tle or een, as it is: called. 8 rv 


er main ee; that is, when ſhe has no other ſails 
abroad; the tacks haled cloſe a-board, the bowlines 
_ ſet up, the ſheats haled cloſe aft,-and the helm tied WI t 
down. cloſe by the board, and ſo ſhe is let lie in the WM t 
'ſea. But at this time if ſhe be upon a wind, ſhe t 
* uſually makes her way good, near three points be- 
fore the beam. 
To try under a Mixzen; mis is done when it 
blows ſo hard, that they cannot maintain the main- * 
fail; that is, cannot bear the main-ſail out; and Ml b. 
then if ſhe lie cloſe by the wind, ſhe will make her WW v. 
way about two points before the beam. th 
But if ſhezry under a main-ſail and mizzen, ſbe bt 
will make her way good about four points before WY th 


| 

( 

TRY x as th ſhip bes 85 dae main-fa t 
Þ 

e 


the beam. 
If a ſhip will. nei:her try nor bull, then ſpam; is, 
wat is, oor: her Eure «mans the wind. = 1h . No 
7 f 18 


8 VEER ; as, wer out a rope, that is, let it p of 
Rs "byha and, or let it run out of itſelf, | 
Veer, is alſo uſed in reference to the wits «th 
wind veers; that is, when it changes often and 
| ſuddenly, or ſhifts from point to point. 


VEERING, as the ſhip goes 22 hi 
is, the oes at Rey b a win nor di- 
Joy * FLY 4 " red 


Wit 


t | 4 


| . 


red before it 3 but between both; which is alſo 
call'd quarter ing. n 


VIOL, a kind of hawſer, made uſe of to 
purchaſe in the cable, when the main capſtan 
cannot do it; becauſe the ground in which the an- 
chor is fix'd, is too ſtiff; or elſe the ſea runs too 
high, ſo that they cannot weigh it. In which caſes 
they take a hawſer, and opening one end of it, they 
put therein nippers, of about eight fathoms from 
each other, wherewith they bind this hawſer faſt 
to the cable, and then bring it to the jear capſtan, 
to heave upon it. And this will purchaſe far more 
than the main capſtan can. d 


i WAK E of a ip, is the ſmooth water a- ſtern, 
an- when ſhe is under fail. This fhews the way ſhe 
and bas gone in the fea, whereby the mariners judge what 
her Wl way ſhe makes; for if the wake be right à-ſtern, 
they conclude ſne makes her way right forwards; _ 
"(he WM but if the wwake be to leeward a point or two, then 
fore they conclude ſhe falls to leeward of her courſe. 

"1 The ſhip flays to the weather of her wake ; that 
is, when in her ſtaying ſhe is ſo quick, that ſhe does 
not fall to lee ward upon a tack ; but that when ſhe 

is tacked, her wake is to the leeward ; then it is a 
ſign that ſhe feels her helm very well, and is quick 
of ſteerage. | j TIRE 


 WARPING, is to hale a ſhip up by a hawſer, 
or any other rope, ſufficient for that purpoſe, with 
an anchor bent to it. This is uſed when a 
wind is wanting to carry a ſhip into, or out of a 
bert een 
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Warp, ſo is the hawſer, or rape who 9 we 
the ſhip up, called, 


W * a fhid.; as, To. "IA an 128 1 
fi 5 . one 93 the moſt neceſl: mo in 


the practice of navigation; and the mo A 


method of doing this, is by the log and log line. 
Which See. 
Lee-way, or leeward way, is the angle made by 


the point ſteer'd upon, and the way of the ſhip; 
and ſince moſt ſhips are apt to fall a little to lee. 


ward of theit courſe, if is neceſſary at all times in 
caſting up che log- board, to allow ſoaring for 
the lee-way; as. 
1. If the ſhip be upon a wat, allow one poin 
for lee-way. 
2. If the wind blow hard, and th one top- 
fail to be taken in, allow two points for let · way. 
3. If the wind blow fo hard that both top-faib 
are taken in, and the ſea run high, allow three 
oints for lee-wa y. 
4. If the fore-ſail be ful's, and he try under 
a main-ſail and mizzen, ſhe will make her way 
four points before the beam. 
56. If the try under a main- ſail only, ſhe wil 
make her way near three points before the heam. 
6. But if the try under a mizzen only, ſhe wil 


make her way about two points before the beam. 


If ſhe lie a-hull, with all her ſails furl'd, ſhe 
will make her way one point before the beam. 
Way aftward on, or forward en; that is, the 


rake or run of a * Vhich ſee. 


WEATHER; as, To weather a point; tht 


is, to paſs by it. on the weather: fide. To weather®' 


Hip: z that 1 to 80 to to windward of her. | 
Waathtt 
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JWrather-coyle ; ; that is, when a ſhip * her 

head brought about, ſo as to lie that way which her 

ſtern did before, without looſing of . ſail, * 
only by bearing up the helm. 

IWeather- gage. See GAGE, . 


WHIP, or IWWhis-/aff, is a ſtrong ſtaff faſten'd 
into the beim of ſmall ſhips, for him that ſteers 


to hold in his hand, chereby to move the 1285 and 
ſteer the ſhip. 


WIND, is 8 to be the fiream or current 
of the air, which blows from ſome one of the two- 
and-thirty points of the horizon, or compaſs. 

Windward ; that is, nearer the riſe of the 
wind. 


To have the Wind of «ps that is, tobe to 
'” WW windward of her. 

6 Touch the Wind; that is, keep as cloſe upon the 
8 wind as poſſible. 


The wind's eye; that is, directly againſt the 
wind. 

WINDLAS "FE is an inſtrument in mall 
ſhips, placed upon the deck, juſt abaft the fore- 
maſt, *Tis made of a piece of timber ſix or 
eight foot ſquare, in form of an axel- tree, whoſe 
length is plac'd horizontally upon two pieces of 
wood at the ends thereof, and upon which it is 


4. | £ 3 


holes made forthatpurpoſe.. This inſtrument ſerves 
for weighing anchors, or hoiſting of any weight in 
or out of the ſhip ; and will purchaſe much more 
than any capſtan, and that without any danger to 
thoſe that heave ; for if in heaving the windlaſs 
about, any of the handſpikes ſhould happen to 
break the windlaſs would pal of itſelf, 


turned about by the help 'of handſpikes, put into 


- 

4 * d 

& : 
11 
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YARDS of a ſhip, are thoſe jong pieces & 


timber made ſomewhat tapering towards each end, 
and fitted each a-thwart its proper maſt, with the 
fails made faſt to them, fo as to be hoiſted up, or 
lower'd down, as occaſion, requires. They have 
their ene names from the maſts they Nele 
to. 

Tard. arm, is that half of the yard on either ſide 
of the maſt. 

Brace the Yard, that is, traverſe aft the yard- 
arm,/ whoſe brace is haled. 

Square the yards; that is, ſee that they hang 
Tight a-croſs the ſhip, and one yard-arm not tra- 
verſed more than another. 

Top the Yards ; that is, make the yards ſtand 
even; for to top the main and fore- yards, the clew- 
lines are the moſt proper; but when the top- ſail 
are ſtow'd, then the rop-ſails ſheats will top them. 


YAWS ; as the ſhip makes yas ; that i ie, 


does not ſteer ſteady, but goes in and. out when 
there is a {tiff gale, And he that. keeps the {hip 
moſt from yawing, does commonly uſe the leal 
motion with the helm; and thoſe ſteer beſt. 
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= | DESCRIPTION anD USE 

. Of a Compleat 

nd 


v. WW Ser7 or Cask of Pocker-InsTRUMENTS.. 


CTEE - * CoMPLEAT ſet of ork. 


8 ments {though ſometimes made ac- 
A cording to particular direction) gene- 

5 Io ad tally conſiſts of the following parti- 
22 culars, viz. 1. A large pair of compaſ- 

ſee with « with one point made to take out, in order to re- 
ceive in its place, either a drawing · pen, a port- cra;on, 
or a dotting · wheel; according as you would deſcribe 
your circles or arches, with ink; black lead, &c, or 
only with dots. 2. A-ſmaller pair of compaſſes for 
the exact taking of diſtances, or ſtriking obſcure 
arches, &c. in working whoſe handk problems. 3. A 
longer N pens” W le We contains a pro- 
TOY 


dt 


| r N 
tracting pin, and a ſocket to hold a pencil. 4. A 
parallel ruler. 5. A protractor, either ſemi- circular, 1 


or (as they are more commonly fitted up for caſes) W © 
in form of a parallelogram or long ſquzre, for the M © 
conveniency of laying down on the back ſide there- 1 
of, ſeveral lines of equal parts, both ſimply and dia- 8 
onally divided, with two or three lines of chords t 
of different radu ; and ſometimes all the ſeveral lines d 
of the common plane ſcale are laid down thereon, MW. © 
6. A ſector. Theſe caſes of inſtruments are made 
of ſeveral ſizes ; but moſt commonly either of the W / 


length of four inches, four inches and a half, or fix 
inches; this laſt ſize, though ſomewhat heavier 
for the pocket, are preferable in uſe, as the di- 
. viſions: upon the ſector are more ſenſible, and con- 


ſequently their application in practice more exaQ, | 
- . 1 
Of the Compaſſes. : 
A pair of compaſſes is an inſtrument ſo well : 
known,that it would be little lefs than ridiculous to b 
waſte words in its deſcription ; but a few directſons WW q 
in judging of their goodneſs, may probably be of F 
ſervice. Obſerve therefore, 1. That the motion of - 
the head be equal, that is, that in opening or ſhut· WI 
ting you find no ſudden jerks. 2. That me joints x 
are well fitted, ſo that there be no ſhake in the f 
application of any of the points. 3. That they i 
be well filed and poliſhed. And, laſtly, That the WW - : 
ſteel points are cloſe join'd, equal and well tem- : 
. „ F F 
I be uſe of a pair of compaſſes is as well known | 
as their form; I ſhall therefore only obſerve that i 7 


is an inſtrument well adapted for taking * 


and deſcribing circles, or arches from a given 


done either obſcurely, with the ſteel point; in 


ink, with the drawing pen point; in black lead, 
&c, with the crayon: point; or by dots only, with 
the dotting wheel point; as the occaſion requires. 
Note, alſo, either of theſe points may be uſed to 


. draw a ſtraight line along the edge of a ruler, 


Of the linter drawing Pen, with the protrafting 


in. 


This inſtrument is compoſed of two ſteel blades 
fixed into a ſmall pillar of braſs, ſilver, &c. called 
the handle, one of theſe blades by means of a 
joint, may be made to open for the conveniency of 
cleaning, and by help of a ſmall ſcrew, they are 
ealily ſet to the proper thickneſs of the line you 
would draw ; the ink being inſerted into the cavity 


betwixt the blades, with a common quill-pen ; fo 


that if the blades are well fitted and poliſhed, the 
line they draw will be exceeding ſmooth and even, 


which cannot be ſo certainly done with a common 


pen, The uſe therefore of this part of the inſtru- 
.ment is only to draw ftraight lines, which generally 
ſhould be drawn very fine. The other part, which 
is call'd a pratracting pin, is a ſhort piece of poliſhed 
ſteel wire, fix d in the lower end of the upper part 
of the handle, where it ſcrews into the Ap part 


to ſave the point, which is made very fine, from 


damage, when not uſed; its uſe is to ſet off angles 
from the protractor, as ſhall be hereafter ſhewn in 
deſcribing that inſtrument, 
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f the parallel. Rar. 


This inſtrument conſiſts of two equal rulers, ſo 
connected to each other, by moveable croſs· pieces 
of braſs or other metal, either fix' d parallel to each 
other, and lying aſlant when the two rulers are 
cloſed, or croſſing each other with a joint in the 
middle, that to whatever degree the rulers are open- 
ed, they are ſtill kept in a true parallel poſition to 
each other; by which means one part being ſet true 
upon any line, another line may be drawn by the 
other part of the ruler exactly parallel to that where- 
on the firſt is placed: Which expedient is of great 
uſe in delineating moſt ſorts of draughts, particu- 
larly in plans of architecture, both military andci- 
vil; and in reducing a multangular figure to either 
trapezia or triangles, for the more accurate and 
ready finding the-content. oo EO 
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O the Protractor. . 
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by The protractor is commonly a ſemi- 
Fig. 1. circle, 'on whoſe chord or diameter is 
"2 mark'd its center, and whoſe arch is di- 
vided into 180 equal parts, called degrees; being 
the half of 360, which every whole circle is ſup- 
poſed to be divided into (See Ah 1. at the end of the 
Appendix.) But for caſes of inſtruments, it is fre- 
_ quently made in form of a parallelogram, upon 
three ſides of which the ſame diviſions are laid down 
from a center, mark'd'on the fourth or diameter (4s 
in the plate fronting the title, in the figure mark's 
C). Every 10 of theſe degrees are number d, and 
eyery fifth diftinguiſhed with a longer mark than the 
others, for the greater eaſe in reckoning. The) 
was en : are 


as before, 60 degrees. 


numbers prefixed,” and lines of chords 
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are uſually number'd both ways, viz. from right to 


left, and from left to right, for the more readily 
laying down an angle from either end of a given 


line. T he fide to be applied to the paper is made 
flat, and that whereon the degrees are mark'd is filed 
ſo ſloping, as to render the edges thin for the greater 
exactneſs in ſetting off, or meaſuring an angle; 


which are all the uſes of this inſtrument as a pro- 


tractor, and perform'd in the following manner. 


7. If it was required to lay down an 
angle of 60 degrees, from the point A of Fig. 2. 
the line AB, Lay the diameter of the, 
protractor on the line AB, fo that the center may 
fall upon the point A, then with your protracting 
pin make a mark in your paper exactly againſt the 
number 60 upon the limb of your protractor; ſo 


4 


ſhall a line drawn through the ſaid mark to the 


i 


point A, form an angle of 60 degrees. 


2. If it be required to find the quantity of an 
angle given, as in the foregoing figure the angle 
BAC. Lay the diameter of the protraQtor on the 
line AB, ſo that the center may fall exactly upon 
the point A ; then ſhall the degree on the limb cut 
by the line AC, ſhew the quantity of the angle, 


rf %%% 
On the reverſe of a protractor, when made in 


form of a parallelogram (Vide hare mark'd D 


in the plate fronting the title) are uſually laid down 
ſeveral ſcales, or lines of equal parts of different 
proportions, that is, of 45, 40, 35; 30, 25, 
and 20 parts to an inch, diſtinguiſh'd by the ſaid 

x; different 
I 4 nadii; 


* 


E 

radii ; beſides theſe, there is another commonly 
called a diagonal ſcale, divided into quarters of an 
inch, with a half inch at one end, which half inch, 
and the extream quarter at the other, are both diyi. 
ded into ten equal parts at their outward edges, 
and diagonal lines drawn from the beginning, firſt, 
ſecond, &c. diviſion at one edge of each to the 
firſt, ſecond, third, Cc. at the other, and the 
whole ſcale divided into'ten equal parallel parts, 
whereby each of theſe extreams is divided into 100 

equal parts ; and if this ſcale be laid down within 


the vacant ſpace on the face of the protractor (as in 


fig. C) there may be room on the reverſe (as in fig, 


D) for all the lines uſually placed on the inſtrument, 


| called the plane /cale, ar well as the before - mention- 
ed lines of equal parts, Ic. In giving therefore the 
conſtruction and uſe of the plane ſcale, I ſhall ſuffi- 
ciently deſcribe all the lines uſually laid down on 
the reverſe of a protractor, and ſhew their ſeveral 
uſes and application in practice. But firſt I ſhall 
ſhew the uſe of the ſeveral ſcales or lines of equal 
parts, both as they are ſimply, and diagonallydivided, - 


Of the Uſe of Scales, or Lines of equal Parts. 


1. Simply divided, Vide fig. D. A line of equal 
parts is no more than a ſcale of meaſure in minia- 
ture, for laying down by way of plan, lengths 
taken by any known meaſures, as chains, yards, 
feet, &c. each part on the ſcale anſwering accord- 
ingly to one chain, one yard, or one foot, Cc. 
The plan therefore will be the greater or leſs, as 
the ſcale uſed contains more or leſs parts in the 
ſpace of an inch, Note, the firſt diviſion on every 
ſcale is ſubdivided into 10 equal parts, theſe ſmaller 
diviſions are the parts to be underſtood, when we 


ſay 


VVV 
ſay it is a ſcale of 20 or 30, Cc. Tf, therefore, 
theſe leſs diviſions be taken as units, and each 
repreſent one league, one mile, one chain, one yard, 
or one foot, &c. the larger diviſions will conſequent- 
ly be come tens, tho numbered with ſingle figures; 
1 that to ſet off 36 leagues, miles, chains, yards 
or feet, Fc. extend the compaſſes from 3 of the 
larger diviſions, to 6 reckoned backwards upon the 
ſmaller, and that extent laid down on your plan, 
{ball accordingly repreſent 36 leagues, miles, chains, 
yards or feet, actually meaſured in the thing repre- 
ſented. To adapt theſe ſcales to feet meaſure, ou 


will likewiſe find the firſt diviſion of each duodeci- 
mally divided, above the decimal diviſion, the halves * 
and quarters of which are diſtinguiſhed by longer 
marks than the reſt, which are generally only dots; 

ſo that to lay down any number of feet and inches, 

as ſuppoſe 8 feet, q inches, extend the compaſſes 
from. 8 of the large diviſions, to 9 of .the upper 
ſmall diviſions ; and the ſaid extent laid down on 
your plan, ſhall repreſent by whatever ſcale it is 
taken, from 8 feet, g inches, in length actual! 
meaſured, This may ſuffice for thoſe ſcales which | 
are only ſimply divided. SM. 5 


2. Diagenally divided, Vide fig. C. The firſt of 
theſe larger diviſions of the half and quarter inch 
ſcales, being by the parallel and diagonal lines ac- 
curately divided into 100 equal parts, if the ſcale 
contains 7 or 12 of the larger diviſions, any length 
to 700 or 1200 ma ene be more exactly taken 
off, than by thoſe "Fair ivided into 10 and 12 
Parts as, ANIWE. 2 (ns ot than chk 
Ine conſtruction of theſe diagonal fcalesis in this 
manner. Firſt draw eleven parallel lines at equal 
diſtances, (vide ig. C) the whole h of mo | 
44 e | 3 | : 


bein 
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being divided into a certain number of equal parts, 
according to the length of the ſcale,” by perpendi- 
cular parallels; let the firſt diviſion be again ſubdi- 
vided into ten equal parts, both above and below; 
then drawing the ſeveral oblique lines from the 
firſt perpendicular below, to the firſt ſub-diviſion 
above, and from the firſt ſub-diviſion below to the 
ſecond ſub-diviſion above, &c. the whole firſt ſpace 
ſhall thereby be exactly divided into 100 equal parts; 
for as each of the ſub-diviſions is one tenth part of 
the whole firſt ſpace or diviſion, ſo each parallel 
above it is one tenth of ſuch ſub-diviſion, and con- 
ſequently one hundredth part of the whole firſt 
ſpace, and if there be 10 of the larger diviſions, 
one thouſandth part of the whole ſcale. If there- 
fore the Jarger diviſions be accounted as units, the 
firſt ſub-diviſions will be tenth parts of an unite, 
and the ſecond ſub-diviſions mark'd by the dia- 
gonals, upon the parallels, hundredth parts of an 
unit; if the larger diviſions be reckoned tens, the 
Firſt ſub-divifions will be units, and the ſecond tenth 
parts: And if the larger diviſions be accounted as 
hundreds, the ficſt ſub-diviſions will be tens, and 
the ſecond units. The numbers therefore 576; 
57:0, 5.76 are. all expreſſible by the ſame extent 
of the compaſſes, vix. ſetting one foot in number 
5 of the larger diviſions, extend the other along the 
ixth parallel, to the ſeventh diagonal: For if the 
5 larger diviſions are taken for 5 hundred, 7 of 
the fiſt ſub-diviſions will be 70, which upon the 
ſixth parallel, taking in G of the ſecond ſub-diviſiens, 
or 6 units, makes the whole number 576. Or, if 
the five larger diviſions be taken for 5 tens or 50, 
ſeven of the firſt ſub-diviſions will be 7 units, and 
the 6 ſecond ſub- diviſions included upon the ſixth 
parallel, will be fix tenths of an unit. mm if 
; a a 55 b - le 
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the 5 larger Exif be only eſteemed as fiye unite, 


then will the 7 firſt ſub-diviſtons be ſeven'tenths, 


and the 6 ſecond ſub- diviſions ſix hundredth parts 


of an unit. And this I think may be ſufficient to 


ſhew the uſe both of the ſimple and Fr ſcales 
of equal parts: I now proceed FW 
The Conftruftion and Uſe of the Plato Scale. 58 


Having deſcribed the circle ABCD, divide it 
into four quadrants, by the diameters. 


AB and CD, . each other at richt Pa. 3. 


angles. 


1. To project the line of . From the 


end C of the diameter CD, erect the perpendi- 


cular CG ; ; then dividing the arch CB into nine 


equal parts; from the center E, through the ſeveral 


diviſions of the arch, draw lines All t they cut the 
perpendicular CG, which will 1 Y become a 
line of tahganls.. 7. ET 15 


2. For the line of Semi-tangents. Lines drawn 


from the point D, through the ſame diviſions upon 
the arch CB, wü dwide the radius BE, into a line 


of ſemi-tangents. The ſemi-tangent is here to be 
underſtood as the tangent. of balfthe arch; and 
by the 20th of the 3d of Euclid, it is:prov'd, that 
an angle at the center, is the doable. to one at the 
circumference. i; | | 


For the "IRE Since the lines dran from 
the center through the ſeveral diviſions of the qua - 


drant CB, to form the tangents, are the ſecants of 
thoſe reſpeQive arches, transfer thoſe lengths to the 
line EB continued to 15 and the line, EF will be 4 
line of- lecants.” © © © 1 
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4. For the Sines, From the ſeveral diviſions 


of the arch CB, let fall perpendiculars upon the 


radius CE ; ſo ſhall the radius CE be divided into 
a line of ſines, which is to be numbered from E to 


C for the right ſines, and from C to E for the verſed. 


fines, Note, the verſed fines may be continued to 


180 degrees, if the ſame diviſions be transferr'd on 
the other ſide of the center E. Es 


For the Chords. The arch CB being divi- 


ded into 9 equal parts, in the points 10, 20, 30, Ec. 


if therefore you imagine lines drawn from C, to 
the ſaid ſeveral diviſions, they will be the chords 
of their reſpective arches. Setting therefore one 
foot of your compaſſes in the point C, and tranſ- 


ferring the ſeveral lengths C 10, C 20, C 30, &c. 


co the line CB, and the line CB ſhall thereby be 
made a line of chords. : 


Note, Theſe ſeveral lines (which in the figure 


are drawn but to every 10 degrees) might be con- 


ſtructed to every ſingle degree, if the circle were 
made large enough to admit of go diſtin diviſions 
in the arch of its quadrant. | 


6. A line of Rhumbs is thus conſtrued. Di- 


vide the arch DB into 8 equal parts, in the points 


1, 2, 3, 4, Fc. then ſetting one foot of the com- 
paſſes in D, transfer the ſeveral diſtances D 1, D 2, 


D 3, &c. from the arch to the line DB, by which 
means you will form a line of rhumbs, each of 
which will anſwer to an angle of 11* 15'. 


degree 


7+ Far thelineof Longitade. Divide the radius 
EA into 60 equal parts (becauſe 60 miles make a 


__ — 0 oi 8 


| 1] 
degree of longitude under the equator) marking 
every ten with their proper number; from theſe 
diviſions let fall perpendiculars upon the arch AD, 
then having drawn the line AD, with one foot of 
the compalles in A, transfer the ſeveral diſtances 
where the perpendiculars cut the arch, to the 
line AD; which ſhall thereby be made a line of 
longitude. | ES, 


Now if the ſeveral lines with their reſpective 
diviſions thus projected, in fig. 3. be transferr'd to 
the ſcale mark'd D, in the plate fronting the title, 
where they are diſtinguiſh'd by their proper names; 
and thereto be added lines of equal parts, as before 
deſcrib'd, the inſtrument called the Plane Scale, 
will thereby be form'd. 6 


But as upon the reverſe of ſome protractors, 
beſides the ſeveral lines already explain'd, there are 
two other lines laid down, v:z. the line of latitude, 
and the line of hours; I ſhall likewiſe ſhew the 
method by which they are projected, _ 


Projection of the Lines of Latitude, and of Eburs.. 


1. To project the line of Latitude. In the ſame 
diagram (vix. fig. 3.) the radius CE being already 
divided into a line of ſines, laying a ruler from the 
point B, through each of the ſaid diviſions, mark 
the points cut on the oppoſite arch AC, with 
the numbers 10, 20, 30, &c. then having drawn - 
the right line AC, with one foot of your compaſſes 
in A, transfer the ſeveral interſections of the arch, 
to the ſaid right line, which will thereby become a 
line of latitude, and may aecordingly be laid down 
on your Scale. | as 8 


2. To 


[ 182 ] 


3 To project the Line of Hours. Draw the tan- 
gent IK, equal and parallel to the diameter CD; 
and divide half the arch of each quadrant AC. 
and AD, from the point A, into three equal parts, 
which will be 15 degrees each part, for the degrees 
of every hour from 12 to 6; each of which parts 
are to be again ſub-divided into halves and quarters, 
&c. then drawing lines from the center of the 
circle, through each of theſe diviſions and ſub- 
diviſions, till they cut the tangent line IK, the 
ſaid tangent line will a be divided into a line 
of . | 


/ 


| 
To theſe may be ſtill added, anc lis | 

| applicable to the ſame uſe, vix. the line of [ncli- 
nation of Meridians, which is projected in the 

ſame manner as the line of hours ; only divided into 

degrees inſtead of time, every 15 degrees 1 f 

cqual to an hour. 


The uſes of the ſeveral lines thus laid down an 
the ſcale D, A the foregoing ghd conn: areas 
follow. ; L - 


I. Fhe 7 angents, Semi — we" W 
ſerve to find the centers, and poles of projected 
circles, in the We projections of the 
ſphere, Tc 


* 
1 
* 
% 
Q 
k 
* 
3 
"x 
1 
. 
4 
: 
2 
* 2 
= 
1 
1 
| I% 
+ &X & 
I” 
4 
z 
3 
. 
1 3 
b * 
1 
* 1 
1 
. : 
{$3 
| 
1 
1 i 
- 
C 
1 
A 
N 
t 
h; 
1 


_ — 2 
— — 


—— 


2. The Sines ſerve for the orthographic vrojer 
tion of the ſphere, *.. 


«LIES * - N S — q 


3. The line of Chords 3 either to ſet. off 
an angle from a given point in any right line; 


or to meaſure the quantity of an angle a” 
"7M 
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laid down. The firſt is done by opening your 
compaſſes to the extent of 60 degrees upon the line 
of chords (which. is always equal to the radius of 
the circle of projection) and ſetting one foot in the 
angular point, with that extent deſcribing an arch; 
then taking the quantity of the angle required, 
between the feet of your compaſſes from the ſame 


chord- line, ſet it off from the given line upon the 
arch deſcribed ; fo ſhall a right line drawn from the 


given point, through the point mark*don the arch, 
form the angle required. Thus to lay down from 
the point A of the line AB, an angle of 40 degrees, | 
taking the extent of 60 deprees between 

the feet of your compaſles from the line Pig. 4. 
of chords, fleike the arch CD, then ſet- 

ting off upon the faid arch from D to C, the extent 
of 40 degrees taken from the ſaid line. of chords, 
from the point A draw the line AC, to pals thro? 
the point C, ſo ſhall the lines AB and AC form 

an angle of 40 degrees. The latter is done by 
deſcribing as before, an arch with the extent of 60 
degrees, and then taking the extent betwixt the 
lines which form the angle upon the ſaid arch; that 
extent meaſur'd upon the ſame line of chords, will 
ſhew the OY, of the l ö 


4 


4. The Fm of Rhumbs 7 AE L174 more WEL 


* tha the line of chords, to lay down or mea- ©] 


ſure the angle of a ſhip's courſe in navigation, 
For example, ſuppoſe a ſhip's courſe being N. N. E 
it is required to lay down the angle. 

Draw the line AB for the meridian, "Fig. 5. 
then with 60 degrees of the chords, - 
deſcribe from the point A, the arch BC; and 
as N. N. E. is the ſecond rhumb from the north, 


| open your compaiſes to the ſecond rhumb, and 
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y off the extent upon the arch BC, ſo mal;: 2 


| rhe line from the point A through the point C, 


give the angle of the courſe BAC, Or if it 


were required to find the quantity of the angle 


of a ſhip's courſe BAC; having defcribed the 


arch BC, with 60 degrees of the chords, take 


the diſtance of the lines upon the ſaid arch be- 
tween the feet of your compaſſes, which meaſurd 
upon the line of ae will . the daun | 
of the angle. EY 
5. The line of Longitude hin laid down on 
the ſcale, contiguous with a line of chords of the 
ſame radius, number'd the contrary way, ſhews 
by inſpection, how many miles there are in a 
degree of longitude, in each parallel of latitude ; 
accounting the latitude upon the line of chords, 


and the miles of longitude upon the line of lon- 


gitude. Thus in the latitude of 30 degrees, it 
appears that $2 miles make a degree of Wnt . 
in the latitude of 60 degrees, 30 miles make a 


degree ; and in the latitude of 80 degrees, 10 miles | 
make a degree, Sc. 


6. The two lines of Latitudes and Hours, are 
uſed conjointly, and ſerve very readily to mark the 
hour- lines in the conſtruction of dials, on 0 * 1 
of Planes horizontal or vertical. 


As an inſtance of which I ſhall give one 
example of an horizontal dial for the latitude of 
Tendon, VIZ, 51? 32. | 


To confirat? an horizontal Dial, by A Line 
of Latitude and Hours ; l Ver "the Latitude of 


1? 32. 
* Ful, 
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Firſt, draw the line E'W of a convenient 
length, for the fix a clock line, and alt 
right angles thereto, the line NS for Fig. 6. 
the meridian, or 12 a clock line, of a 


breadth equal to the thickneſs of the ſtile ; the - 


interſection of which lines, viz. the point A will 
be the center of your Dial: Then taking 519 32 
(the latitude of the place) from the line of lati- 


tude, with one foot of your compaſſes in A, ſet 


off that extent on both ſides, from A to E, and 
from A to W; then with the whole length of the 
line of hours between your compaſſes, ſet one foot 
in E, and croſs the meridian line with the other; 


do the ſame on the other ſide from W, and draw 


the lines NE and NW, then taking between your 
compaſſes from the line of hours, the diſtance from 
the beginning thereof to I, lay down that diſtance 


both ways from N to 1, and from N to 11, 
likewiſe from E to 5, and from W to 7; ſet off 


alſo the diſtance from the beginning of the line 
to IT on the line of hours, both from N to 2 and 
10, and from E to 4, and W to 8; and laftly, 
lay down the diſtance from the beginning of the 


line of hours to III, from N to q, and from N 


to 3, which ſaid diſtance will likewiſe reach from 
E to 3, and from W tog. Thus having divided 
your trigon into its proper diftances, lines drawn 
from the center A of the dial, through theſe 
ſeveral diviſions, will mark the reſpective hour 
points on the limb of the dial, whether its figure 
be ſquare or round; and for the hours before 6 
in the morning, and after 6 at night, they are 
eaſily found by continuing the lines of the op- 
poſite hours through the center. EDEN 
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and parts. ; 


\ 
Note, The ſtile, which is generally a thin plate 


of braſs, muſt make an angle with the plane 
cqual to the latitude of the place; the angular 


point being fix'd juſt at the center A, and the 
ſtile ſtanding upon the meridian line, at right 


angles with the plane of the dial. 


Of the Seltor. © 


The SeAor is a mathematical inſtrument, takin 


its name from a geometrical figure, which Euchd | 


thus defines ; a ſector is a part of a circle, bounded 


by two radii, or ſemi-diameters, and part of the 


circumfererce, viz. the included arch. As an 
inſtrument, it conſiſts of two equal legs, moveable 


about a joint like the common carpenter's rule; 


which being each of the length of 6 inches (though 
they may be made of any other determinate length, 
as in the figures mark'd A and B in the plate 


fronting the title, they are of 4 inches and a half) 
when quite open, * form an exact foot rule; 


and may be uſed as ſuch in taking dimenſions, 
being like other common rules, divided into inches 


* 


The lines commonly laid down on the faces of 
this inftrument to be uſed ſector-wiſe, are as fol- 
low, viz. upon one face (that mark'd A in the 


print.) 1, Tbe lines of Lines, or length, confilt- 
ing of equal parts. 2. The lines of Chords, 3. The 


lines of Secants. 4. The lines of Polygons. _ On 
the other face (marked B in the print.) 1, The 
lines of Sines. 2. The lines of Tangents to 45 
. 3. Other lines of Tungents to a lels 
radius, to ſupply the defect of the former, from 45 


degrees to about 75 degrees. 


0 . 
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Note, If the lines of leſs tangents, and the 
lines of ſecants, be projected from a radius Z of 


the larger lines, and laid down upon the inſtru- 


ment to the ſame angle, then without any altera- 
tion in the opening of the legs, any extent taken 
on the lines of leſſer tangents or ſecants, 4 times 
repeated, will give the proper tangent or ſecant, to 
the radius of the larger lines. 8 my 


ITheſe ſeveral lines are projected and divided as 
the ſame lines upon the plane ſcale ; but laid 
down upon the ſector (all except the lines of 
polygons) ſo as that they may all make one cer- 
tain angle, that is, to whatever degree the ſector 
is opened, the diſtance will be the ſame betwixt 
100 and 100 on the lines of lines, go and go on the 
lines of fines, 60 and 60 on the lines of chords, and 
45 and 45 on the lines of tangents ; and the angle 
each. of theſe lines' makes with its 1 


one, when the ſector is quite ſhut, is eaſily ſeen, 
by the extent of the ſaid diſtance taken from the 


center of the joint (called the center of the ſector) 
laterally on either line of chords. The lines of 
lines ate each divided into 100 equal parts, each of 
which are again ſub- divided into halves and quarters, 
if the legs are of ſuſſicient length; and with the 
lines of ſines, chords and tangents, are each extend- 
ed to the length of the radius of the circle from 
which they are projected; that is, the lines of fines 
to go degrees, the lines of chords to 60 degrees, 

and the lines of tangents to 45 degrees; each being 

number'd at every 10 degrees from the center to 


their ſeveral ends, where they are mark'd wit the | 


| i. 


initial letters of their reſpectie names. 
Note, 
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RY Nate, The correſpondent parallels of the ſeveral 
lines are intended for the better diſtinguiſhing the 
ſeveral diviſions upon each. ng pd. 


The lines of ſecants, and of leſs tangents, are 
each projected from a circle, whoſe radius is 5 of 
that from which the other lines are projected; and 
beginningat the lengthof that radius from the eenter 
of the inſtrument, run to about 75 degrees. The 


tangents beginning at 45, where the larger lines of 


tangents end, have their degrees diſtinguiſhed by 
the numbers 45, 50, 60, 70, 75, and the ſecants 
with the numbers 10, 20, 30, Cc. to 75. and 
both are mark d for diſtinction ſake, with the ſmall 
initial letters of their names. | 1 


Tne lines of polygons are laid down from the 
center of the joint, very near the inward edges 


of the inſtrument, and are numbered backwards 


from the ends towards the center, with the figures 
4, 5, 6, Cc. to 12, which comes within about ö 


three inches of the center. 5 
© Theſe are all the lines which are uſually laid 


o BY * 
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The other lines which are placed upon, and 
parallel to the outward edges on both faces, and 
uſed as on common ſcales, the ſector being quite 


opened, are, on the edge itſelf, a line of Inches, 
with each inch ſub- divided into 10 equal parts; 


and on the faces, the line of Numbers, commonly 


called Gunter's Line, with the lines of Artificial 


Sines and Tangents ; alſo ſometimes a line of 
Hours, with a line of Chords, and a line of _ 
| fudesy 
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tudes, with a line of Inclination of 1 each 
being diſtinguiſhed with its proper letter. 


Of the Frundatiin and general Uſe of the Geb, 


The foundation and general uſe of the ſector 
depends upon the 4th propoſition of the 6th book 
of Euclid, where ĩt is prov'd, that the homologous | 
ſides of ſimilar triangles, are proportional to each 
other, Suppoſe therefore the lines A, 

AC, to repreſent any, pair of lines upon Fig. 7. 
the lector, particularly the lines of lines, 
making an angle BAC, with each other. If then, 
the line BC be drawn, and A a, A b taken equal, 
and the line a b alſo drawn; as Aa, or Ab is to 
AB, or AC, ſo will. a b be to BC. Whence if 
| the lines Aa, AB, be the half, the third, the 
fourth, &c. of he. lines. AB, AC; the line a b 
will accordingly be the half, the third, the fourth, 
Sc. of the line B C. 'As ſuppoſe AB, or 
AC be 100, and Aa, or Ab 50; then if BCbe 
60, ab ſhall. be 30. Hence it follows, that if 
the lines AB, AC, repreſent the lines of chords, 
lines or tangents, that i is, if the line AB, or: AC 
be the radius, and the line A a or A b the chord, 
ſine or tangent, of ſome propoſed number of de- | 
grees to the ſaid radius AB; then the line a b 
will be the chord, ſine or tangent of the — 
ber of degrees to the radius BC. 


And here note, that lines taken upon the ſeQor, 
are diſtinguiſhed by the terms lateral and parallel; 
thoſe being call'd lateral, which are found upon the 
ſides of the inſtrument, as AB AC; and parallel, 
are ſuch extents as are taken from i one leg to the 


other, at equal diſtances from the center r of the 
joint, as BC, ab, 1 


„ 0000 


ö 


If therefore it be required to find the chor 4 | 


ſine or tangent of '20 degrees, to a radius of 5 
inches; open the ſector ſo that the diftance from 


60 to 60 on the lines of chords, may be equal to 5 
inches; then will the parallel diſtance between 20 


and 20 on the lines of chords, be the chord of 20 
degrees, to a radius of 5 inches; fo likewiſe the 


diſtance between 20 and 20 on the lines of fines; - 


and between 20 and 20 on the lines of tangents, 


will be the reſpective fine or tangent of 20 degrees, 


to the ſaid radius of 5 inches. 


If a chord of more than 60 degrees be required 


to any aſſign'd radius; as ſuppoſe the chord of 
80 degrees; open the ſector as before directed to 
the radius given, and with the ſaid radius, deſcribe 
an arch ſufficiently large, as AD; then 

Fig. 8. taking the chord of half the number of 
* - degrees, viz. 40, lay it off twice upon 
the ſaid arch, viz. from A to B, and from B to 
C, or which may be better, ' firſt lay off the radius 
from A to E, and then the chord of the exceſs, 
viz. of 20 degrees, from E to C, fo ſhall a line 
drawn from A to C, be the required chord of 80 


degrees. 


If a tangent of more than 45 degrees be re- 
quired, as ſuppoſe the tangent of 70 degrees, it 
muſt be taken from the lines of leſs tangents, 


which if not laid down to the ſame angle as' the 


larger lines, as in moſt ſectors they are not, then 
muſt the ſector be ſo opened, that the diſtance 
between 45 and 45 on the faid leſs tangents, 
may be equal to the given radius; ſo ſhall the 
diſtance between 70 and 70 upon the ſaid _ - 
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leſs tangents, be the tangent of 70 degrees, to 
the radius given. But if the lines of the leſſer tan- 
gents are made (as they ſhould be) to + of the ra- | 

dius of the larger, and laid down to the ſame angle, 1 
then the tangent of any required number of degrees, 
either more or leſs than 45, may be taken off 
without any alteration in the opening of the ſector; 
for in the inſtance above of 70 degrees, the diſtance 
between 70 and 70 on the line of leſſer tangents, 4 
times repeated, will be the tangent of 70 degrees, 
to the radius fo ſet off between 45 and 45 on the 
line of larger tangents. l 1 


To find the ſecant of any propos'd number of 
degrees to a given radius, as ſuppoſe the ſecant 
of 60 degrees, to a radius of two inches; open 
the ſector to the diſtance: of 2 inches between 
o and o on the lines of ſecants ; ſo ſhall the di- 
ſtance between 60 and 60 upon the ſaid lines, be 
the ſecant of 60 degrees, to the radius of two inches: 
Or, if according to the above remark on the tan- 
gents, the lines of ſecants are projected to + of the 
larger radius, and form the common angle; the 
diſtance between any propoſed point, 4 times re- 

peated, will give the proper ſecant to the radius the 
larger lines are open d too. 


If the contrary of any of theſe operations be 
required, that is, if a given right line be the 
chord, fine, tangent or ſecant, of any certain num- 
ber of degrees, as ſuppſe 20, and the radius be 
ſought; open the ſector to the length of the given 
line in the points 20 and 20 of the lines of chords, 
ines, tangents, or ſecants, according as the ſaid 
line is either chord, ſine, tangent or ſecant; and 
the diſtance between 60 and 60 on the chords, 

5 EY 1 between 
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appearing from what has been ſaid, that the Secter 


not greater than the extent of the inſtrument. 


ſome of the principal of which are ſhewn in the 
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** 90 * 90 on the ſines, nb 45 * | 
45 on the tangents, and between o and o on the 
ſecants, ſhall bethe radius to the given line, whether 
it be * ſine, tangent or ſecant. 


This may ſuffice to ſhew the nature, a ö 
uſe, and excellence of this inſtrument ; it evidently 


is a kind of univerſal Plane 4 to ay radius 


| 

1 

| 

Itſelf, when quite open, or leſs than the diſtance l 

N the numbers at the ends of the reſpeQive . 

lines, when quite ſhut. 

And as the bog ines of ever 5 pair 0 equal c 

angles with each oth er reſpectively they are thereby " 

adapted for working ron in equal parts Ho 

and fines, equal parts and tangents, Oc, ſo that 4 

among other. things the ſeveral caſes of plane 0 

Trigonometry may very readily be reſolved by the 

ſector. Some inſtances of which ſhall be here- 
after given; but firſt I ſhall ſhew ſome particu- 

Jar uſes of the lipes of lines, and of ive; lines a 

of polygons. 9 905 . N by 

L 

Of 8 Uſe 1 the Lines Links. ; 4 

Pr 


As lines of equal parts, their uſe is the ſame 
with ſuch lines on common ſcales, ſerving to lay 
down any given length; but as they are laid 
down ſectorwiſe, they have other various uſes, 


following problems. 


PR O- 


| 75 „ PROBLEM I. | 
1 divide a given Line into any Number of 
| equal Parts, n 
| Take the extent of the given line between the 
feet of your compaſſes; then open the ſector tomake 


that extent be a parallel between the legs, in the 


points exprefling the number of parts into which 


the line is to be divided; ſo ſhall the parallel 


diſtance between 1 and 1, divide the given line 
into the parts required. For example, 


ſuppoſe the line AB were given to be Fig. . 


divided intoGequal parts; take the extent 5 
of the line AB, betwixt the feet of your compaſſes, 


and open the ſector to make this extent to be a pa- 
rallel between the legs, in the points 6 and 6, and 


the parallel diſtance betwixt 1 and x, vis. AC, 
{hall be the 3; part of the line AB, FRAIL. 
If the given line be of too great extent to be 
applied to the legs of the ſector, take one half, 
or one fourth of it, which being divided as above 


directed, into the parts required, the double, or 


quadruple of one of thoſe parts, will accordingly 
divide the whole line into the num c of parts 


propoſed. 5 | 


ProBLEM IL : 


75 divide a Line in the ſame manner as another 96+ 


divided. 


Lay down the divided line laterally on both 


lides of the ſeQor, ſiom the center, and mark the 
Vor. U. 9 point 
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point of its extenſion; then opening the ſector 


to the extent of the ſecond line, in the terms of- 
the firſt ; apply likewiſe the ſeveral parts of the 


firſt line laterally on the legs of the ſector, ſo 
ſhall the ſeveral parallels in the terms of thoſe 


parts, be the correſpondent parts in the line to be 
divided, Thus if the line CD were to be divided' 
in the manner as the line AB; the 


2 Figs.10. extents of AB, AF, and AE, taken 


from the center laterally on both the 
lines of lines, which ſuppoſe on each line marked 
with B, F and E; then open the ſector to make 
the parallel BB equal to the line CD, ſo ſhall the 
parallels EE and FF, give the extent of CG and, 


CH, in the line CD to be divided, 


"PROBLEM I. 


"oy find the Proportion Said two, or more 5 


given Lines, 


The proportion between any given lines may 


be meaſured upon either of the lines of lines, as 


on other ſcales of equal parts, without opening 
the inſtrument. But to. perform the operation 
ſeQorwile, open the ſector fo that the extent 


between 100 and 100, may be equal to one of the 


given lines ; then taking the other line, or lines, 


ſeverally between your compaſles, barry them with 
each extent along the legs of the ſector, parallel to 


the former, till both points reſt exactly on the ſame” 


number in both the lines of lines, which number 
will give the proportion to 100, that each latter 
bears to the former. Thus if it were 


Fig. 11. required to find the proportion between 


the lines AB and CD; "_ the ſeQor 


to 
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to make the extent between 100 and 100 equal to 
AB; apply the extent of the ſhorter line CO 


parallel to the former, and you will find the points: 
to reſt on 80 and 80; the proportion therefore of 
CD to AB, is as 80 to 100; or in ſmaller num- 


bers as 4 to 5. N 


If the greater line AB, be too long to be applied 
between 100 and 100, cut off AE upon the greater 
line, equal to CD, and the ſector being opened 
(as before directed) to make the extent between 
100 and 100, equal to the part AE; then applying. 
the extent of the part EB parallel to the former, 
you will find the points to reſt on 24 and 24; ſo 
that the proportion of the part EB, to the part AE, 
will be found to be as 24 to 100; therefore the 
proportion of the line CD, to the line AB, will 
this way be found to be, as 100 to 124. | ſ 


3 


PROBLEM IV. 


To increaſe or diminiſh a Line in any given 


Proportion, 
Open the ſector to make the extent between the 1 
firſt proportional number, on both the lines of 
lines equal the given line; then the parallel diſtance 


between the other proportional number on the 


ſame lines, will be the line ſought. Thus if th 
line A, is to be increaſed in the propor- . 
tion of 3 to 7; open the ſector to make Fig. 12. 
the diſtance between 3 and 3 equal tlie 
length of the line A; ſo ſhall the parallel diſtance 
betwixt 7 and 7, be the increaſed line B ſought. - 
On the contrary, if the line B was to be diminithed 
in the proportion of 7 to 3; open the ſector t 
5 8 make 
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make the diftance betwixt 7 and 7, equal the line 
B; then the parallel diſtance betwixt Ne 2 
ſhall be the diminiſhed line A ſought. Note, it 
may be ſometimes more convenient to work with 
the equimultiples of the numbers given, which will 


produce the ſame effect; thus for the proportion bf 


3 to 7, you may take the numbers 6 to 14, 9 to 
27, 12 to 28, or 30 to 70, Cc. : 


PROBLEM V. 


T finda third Proportional to two given Lines. 


Lay down both the given lines laterally on the 


legs of the ſector, obſerving the points of their 
extenſion; then taking the ſecond line between 


your compaſſes, open the ſector to its extent in the 
terms of the firſt line, ſo ſhall the parallel diſtance 
between the terms of the' ſecond line, be the third 
proportional ſought. For example, let the two 
4 given lines be A and B, which being 
Fig. 13. laid down on the ſides of the ſeRtor 

from the center A, ſuppoſe the terms 
of the firſt line to be BB, and the terms of the 


. ſecond CC; then opening the ſeQor in the terms 


BB, to the extent of the ſecond line B, the parallel 
diſtance between CC ſhall be the third proportional 
fought. For as A is to B, ſo is BB (equal to the 
Ine B) to CG. | | 
FAO M VI. 
To find a fourth Proportional to three Lines given, 
Let the firſt and third lines, be both laid down 
laterally on the legs of the ſector, from the center; 
then opening the ſector in the terms of the — 
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proportional ſought. 


whoſe grand diviſions might be bal 


„„ = ne 
tine, to the extent of the ſecond line; the paral- 
lel diſtance between the terms of the third line, 
ſhall be the fourth proportional. For  - 
example, let A, B and C, be the three Fig. 14. 
lines given; ſet of A and Con te 


ſides of the ſector, from the center A, marking 


the terms of their extenſion BB, and CC; then 
taking the ſecond line B, open the ſector to its 
extent, in the Werms of the firſt line A, viz. 


BB; and the parallel diſtance betwixt CC, the 


terms of the third line C, ſhall be the fourth 
Note, In geometry, as well as in arithmetick, mM 
is not neceſlary, that all the proportionals be of 


one denomination ; but only that the fourth found 


correſpond with the ſecond, as the third with the 


firſt; therefore the firſt and third proportionals 


may be meaſured by one ſcale, and the ſecond and 
fourth by another; and to this end, a diagonal ſcale 
longer by an inch than the ſector, when ogenegd, 

inches, with an 
inch at one end, and the half inch at the other, 
diagonally divided, would be better for uſe in the 
lateral extents, herein directed to be taken on the lines 


of lines, and a beam compaſs for taking them off, 


But a beam- compaſs ſcale divided into 30 and 
40 parts in every inch throughout, and theſe again 
each ſub- divided by Nonius's diviſions into ten parts, 
(that is, each inch into 300 and 400 parts) on the 
index carrying the moveable point, which ſets off 
any extent within its length, to the 8ooth part of 
an inch (or divided only into 20 parts in every inch, 
that may by two Nonius's diviſions be again each 


| fub-dividedinto 20.and 50 parts, whereby each inch 
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is divided into 400 and 1000 parts) is greatly to be 


preferred; and as the points in theſe are perpendicu- 
lar, and haveno ſpring, nor are liable to alter from 
the extent, they are readily and moſt exactly ſet to, 


by the means of an adjuſting ſcrew z is alſo on 


theſe accounts better than the other compaſſes, for 
determining the truer opening of the ſector, and 


ſor taking the parallel extents thereon,and eſpecially 


as with this beam-compalſs the given ſide or ſides 
may be taken to anſwer nearly to the extream 
opening of the ſector, by doubling, trebling, halv- 
ing, Sc. if needful, whereby the ſolutions in plane 


trigonometry, &c. will be had much nearer the 


truth, than when opened to a ſmall angle. 
i PROBLEM VII. 
Te find a right Line nearly equal ta the circumference | 


. 


of a given Circle. 


Since the proportion of the diameter of a circle 


to its circumference, is nearly as 3.183 to 10; 
therefore opening the ſector to make the diſtance 


between 3.183 on beth lines of lines, equal the 
length of the diameter of the circle propoſed, the 
parallel diſtance between 10 and 10, will be the 
length of a line nearly equal to the circumference 
of the given circle, 1 6 


PA o- 


Ty 


To open the Sector ſo that the two Lines of Lines 
and conſequently the others reſpectiuely, if they 

are laid down as they ought, at equal angles) may 
and at right angles with each other. | © 


Since by the 47th peopoſition of the iſt book 
of Euclid, it is demonſtrated, that in a right - angled 

triangle, the ſquare of the hypothenuſe is equal to 
the ſum of the ſquares of both the legs; therefore, if 
the whole lateral length of one of the lines of lines, 
taken as 10 equal parts, be ſet over from 8 on one 
leg to 6 on the other, the two lines of lines (and 
conſequently the other pairs reſpectively) ſhall ſtand 
at right angles with each other; for 64 the ſquare 
of 8, added to 36 the ſquare of 6, makes 100, equal 
to tha h e ink i I” 
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Open the ſector to make each pair of lines be- 
come one ſtraight line; then ſet the beam compaſs 
to extend from 45 to 45 in the lines of ſines, or 
from 70.71 to 70.71 in the lines of lines, and this 
extent made a parallel radius between the ends of 
either of the ſaid pairs of lines, by moving them 
thereto, the two lines of every pair ſhall ſtand more 
truly at a right angle with each other. 


To theſe few problems peculiar to the lng 


of lines, I ſhall add one or two of a more gener: 
Natur Ta; | | : 
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"PROBLEM IX. 


E open the Lines pou the Sector or the Edges of the 
Inflrument itſelf to any propoſed Angle. 


Take the quantity of the angle propoſed, laterally 
from the center on one of the lines of chords; then 
open the ſector to make this extent be a parallel 
betwixt 60 and 60 on the ſaid lines, ſo ſhall the 
two lines of chords, and of every other pair of 
lines, ſtand reſpectively with each other at the pro- 

poſed angle. Thus, to open the lines to an angle 
of 20 degrees, take from the center the lateral ex- 
tent of 20 degrees on either line of chords; then 
open the ſector to make this extent be a parallel 
betwixt 60 and 60 on the ſaid lines; and the two 
lines of chords, and conſequently all the other pairs, 
each being laid down to the ſame angle; ſhall ae- 
cordingly form. an angle of 20 degrees, each with 
the other reſpectively. And if (as in the print pre- 
fix'd to this work) in every pair of lines, each line 
forms with the other an angle of 6 degrees, when 
the ſector is quite ſhut, it is but adding 6 degrees to 

"the quantity of the angle propoſed, in taking the 
lateral extent, and the parallel fo made, as above, 

ſhall ſet the edges of the inſtrument itſelf to the 
angle required. | 1 8 8 


| | w 
Note, If the angle propoſed exceeds 60 degrees, 
open the ſector to make each pair of lines become 
-one ſtraight line, and take with the beam-compals 
the parallel extent between the number of half the 
angle on each line of fines; then move the ſector 
to make this extent a parallel radius between go and 
90, at the ends of the ſaid lines, and fo ſhall the 
| | 02 two 


other at the propoſed angle: But if the angle pro- 

poſed exceeds 120 degrees, the lines or the ed 

of the ſector may be more truly ſet We by t te 
proche. | 


P X. 


The Sector FIR 2d, to find the Kuen 5 the 
Angle, which cher the ſexeral Pairs of Lines, 
or the Edges of the OE make with each 


ether. _ 


problem is but the BOY of the nn 
* 10 the parallel diſtance betwixt 60 and 60 on 
the line of chords, be applied laterally from the 
center on either of the faid lines, the degrees of 
its extenſion is the meaſure of the angle tha ; png of 
the ſeveral pairs of lines makes with its correſpond- 
ing one; deducting therefore 6 degrees from the 
2 ſo found, for the angle that each of the 
ſeveral pairs of lines makes with its correſponding 
one, when the inſtrument i is quite ſhut, and the re- 
mainder will be the quantity of the angle formed 
by the edges of the inſtrument. But if the angle 
was greater than 60 degrees, the parallel radius, 
applied in the lines of fines, when the ſector ia 
opened to make the two one ſtraight line, will give 
on both, at equal diftance from the center, the de- 
grees of half the angle * we lines had made 
with den other. 


Of the Ue ofthe Lines — 5 


The lines of polygons are chiefly contrived fag 
the ready diviſion of the circumference of a circle 
K 5 inte 


two lines of every pair ſtand re ively with each Pe 
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into any number of equal parts from 4 to 12, that 
is, as a ready means to inſcribe regular polygons 
of any given number of ſides, from 4 to 12, 
within a given circle: To do which, ſet off the 
radius of the given circle (which is always the 
fide of the inſcribed hexagon) as a parallel betwixt 


6 and 6, upon the ſaid lines, ſo fall the parallel 
diſtance betwixt 5 and 5, be the ſide of a pentagon ; |} 


between 7 and 7, the ſide of a heptagon ; between 


8 and 8, the fide of an octagon, &c. All which : 


is too plain to need an example. 


N. B. All uch regular polygons, whoſe number 


i. ſides (exceeding five) will exactly divide 350 


(which the circumterence of every circle is) with- 


out a remainder, may likewiſe be very readily ſet 


off upon thecircumference of a circle, from the lines 
of chords; for opening the ſector to make the extent 
of the radius of the circle, to be a parallel betwixt | 
60 and 60 on the lines of chords, and having di- 
vided 360 by the number of ſides, the parallel di- 


ſtance betwixt the number of the quotient on the g 
ſaid lines, ſhall be the ſide of the polygon required; | 


thus for an octagon, take the diſtance betwixt 45 


and 45 ; and for a pentedecagon, the diſtance be- 


"i 


If it be required to form a polygon upon a given 


right line; open the ſector to make the extent of | 


the given line, to be a parallel betwixt the points 
on the lines of polygons, anſwering to the number 
of ſides of which the polygon is to conſiſt; as for 
a pentagon, betwixt 5 and 5; or for an octagon, 
betwixt 8 and 8; ſo ſhall the parallel diſtance be- 
twixt 6 and 6, be the radius of a circle, whoſe 


circumference ſhall be divided by a given line, 
into the number of fides required. | 


The 
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| Thellines. of polygons; are likewiſe uſeful in 


deſcribing upon any given line, an ifoſceles tri- 


angle, whoſe angles at the baſe ſhall each be double 


that at the vertex. For taking the given line be- 


twixt your compaſles, open the ſector till that ex- 
tent reaches from 10 on one leg, to 10 on the 
other; then ſhall the parallel diſtance betwixt 6 
and 6, be the length of the two equal ſides of the 


triangle ſought. 


| Before we proceed to the manner of working 
proportions upon the ſector, it will be neceſſary 
to conſider the nature of the lines of artificial 
numbers, ſines, and tangents; becauſe as the ſame 
proportions may likewiſe be work'd upon theſe 


artificial lines, ſo one method of working, will 
ſerve as a proof of the other. 8 1 


Of. the Lines of Artificial Numbers, Sines. and 
; mien. „ 


Theſe ſeveral lines, which are uſually laid down 
upon ſectors parallel to the outward edges, in the 
ſame manner as upon other ſcales, are only the 


logarithms of the natural numbers, ſines, and tan- 


gents, thus transferred to a ſcale. 


1. The line of numbers, or Gunter's line, as 
it is commonly called, is a line of geometrical pro- 
portion, divided into q unequal parts, beginning 
at 1 towards the left hand, and number'd on with 


2, 3, 4, 5, Cc. to q, next below 1 at the 
middle of the line; where another radius begins, 
and the ſame diviſions are repeated, and number'd 


on (as before) to ꝙ with 10, at the end of the line 
on the right hand. Each of theſe primes, or firſt 


they may repreſent the tenth, hundredth, or thou- 
ſandth parts of an unit. , | 


| 
| 
| | 
| 
| 
| 
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rand diviſions, are ſub · divided according to the 
ame ratio, into 10 other parts, and each of theſe 

ſub-diviſtons (if the line be of ſufficient length) 

ſhould again be ſub-divided into 10 other leſs 
parts. But upon pocket ſectors, which when 
opened are but 12 inches in length, only the part 
from 1 in the middle, to 2 towards the right 


hand, is a ſecond time divided, and that but into 


5 parts inſtead of 10, every one of which muſt 
therefore be accounted as 2 centeſms. In num- 
bering therefore upon the line (wherein conſiſts 


' thee greateſt difficulty) the figures, 1, 2, 3, Cc. 


which denote the primes, may be taken arbitrarily, 
either as units, 2 hundreds, or thouſands; er 


If x at the beginning of the line, be taken for 
unity, then 1 in the middle will be 10, and 10 at 
the end 100; but if the firſt 1 be accounted 10, 


then 1 in the middle will ſtand for 100, and 10 


at the end for 1000; or, if the firſt 1 be reckon'd 
100, then 1 in the middle will be 1000, and 10 at 
the end 10000 ; ſo that whatſoever value ſhall be 
put upon the firft 1, the others will bear a like 
Proportion. re rk i | = 


2 


When therefore the firſt 1 or prime, repreſents 


10 units, the figures 2, 3, 4, &c. to 1 in the 
middle, will ſtand for 20, 30, 40, 50, bo, 70, 


80, 90, xeo, and each tenth, or ſub · diviſion in 
the firſt radius of the line, will ſignify 1 unit, and 
each centeſm, or ſecond ſub-divifion (if there be 
any) will be 4+ parts of an unit; 1 in the middle 
will be (as before obſerved) 100, and the figures 
2, 35 4» Cc. following 200, 300, 400, Cc. —5 

8 tdtenh. 


SST 
tenth, or ſub - diviſion in the ſecond radius, will 
denote 10 units, and each centeſm 1 unit. Again, 
let the firſt 1 repreſent 100, then the figures 2, 


3» 4, Sc. will ſignify 200, 300, 400, Cc. and 


1 in the middle 1000, and 10 at the end 10000; 


according to this ſuppoſition, in the firſt radius, 


each tenth of aprime will be 10 units, and each 


centeſm 1 unit; and in the ſecond radius, each 


tenth of a prime 100, and each centeſm 10. 
In accounting decimal fractions upon the line; 


if 1 in the middle of the line be accounted as 


unity, then will each prime in the firſt radius 
denote 0,1, each tenth of a prime 0,01, and each 


centeſm 0,001. If 10 at the end of the line to 


the right band, be accounted as unity, the whole 


firſt radius will repreſent o, 1, and the numbers 


— 


25 J 4, Sc. in the ſecond radius o, 2, o, 3, O, 4, Cc. 
and every prime in the firſt radius, and every tenth 
of a prime in the ſecond radius, will ſignify o, or, 
or one, hundredth. part of unity, and every tenth 
of a prime in the firſt radius, or centeſm in the 
ſecond, will denote 0,001, or one thouſandth part 
of unity _ JW 

The numeration of the line thus explain'd, let 
it now be propaſed to find the point thereon anſwer- 
ing to the number 436. For the 4 hundred, take 


the 4 firſt. primes next the left hand; for the 


ſecond figure 3, take 3 tenths.of the grand diviſion 
betwixt 4 and 5, and for the 6 units, reckon 6 
centeſms, or 6 paxts of the next tenth ; ſo that the 

extent from 1 at the beginning of the line, to that 
point, will expreſs the number 436. The ſame 


point will likewiſe repreſent the numbers 43,63 
4,36 3 or 0,436 3 if the firſt 1 be accordingly ac- 


10, I, Or +75 of unity. 


. To 


« a — — 
— — —— 
, 


. Fane 1 


Too multiply upon the line, extend your com- 
_ *paſſes from 1 at the beginning, to the point re- 
preſenting the number of your multiplier, the 
ſame extent will reach from the number of your 
multiplicand, to the product; thus, if 125 were 
given to be multiplied by 42; extend the com- 
paſſes from 1 to 42, and the ſame extent will 
reach from 125 to 5250. | 


To divide upon. the line; extend the com- 

' paſſes backwards from the number of the diviſor, 

' -to unity; the fame extent laid the fame way 
will reach from the number of the dividend to the 

- quotient : Thus if ,5250 were given to be divided 
by 125 ; extend the compaſſes backwards from 
125 to unity, the ſame extent will reach the ſame 
"ey rom $280 042. - ff = TE 


2. The line of artificial ſines, conſiſts only of 
the logarithms of the natural ſines, transferr'd 
from a table of logarithms to the ſcale ; they are 
number'd from the left to the right, with the 
figures 1, 2, 3, Cc. to 10, and fo forward with 
20, 30, 40, &c. to go, at the end on the right. 

In the firſt part of the line, the grand diviſions each 
repreſent one degree. ſo that if each prime be ſub- 
divided into 12 parts (as they commonly are upon 
ſectors) each ſub-diviſion will ſignify 5 minutes. 
In the latter part of the line, the grand diviſions 
which are each 10 degrees, being ſub- divided into 
10 parts, each ſub-diviſion will repreſent 1 degree, 
and according as they are again ſub· divided into 
4, 3, or 2 parts, ſuch ſecond ſub· diviſions contain 
. of anner. 


wn JJ 1 

3. What has been ſaid of the line of ſines, is 
| likewiſe to be underſtovd of the line of artificial 
tangents, whoſe diviſions begin at 1, and is num- 
ber'd 2, 3, &c. on to 10, in like manner as the 
ſines, ſignifying ſingle degrees; and in the ſecond 
part it runs on with 20, 30, &c. to 45, which 
ſtands at the end of the line, then theſe return back 
again to 89 where the line begins, as would be 
evident from the inſpection of the line itſelf, if it 
was number' d backward, as it ought to be, and in 
ſome that are large really are. | 


The uſe of theſe lines is in working proportions, 
whether arithmetical or geometrical ; particularly 


they are of very ready ſervice in trigonometrical 
ſolutions. ITS. | 


The method of working with them is thus : 
In all proportions you have three terms given, to 
find a fourth. Seek out therefore the firſt term, 
whether number, ſine, or tangent, in its proper 
line; and on that point ſet one foot of your com- 
paſſes, extending the other to the ſecond, or third 
term, which-ever of them is of the ſame name 
with the firſt; the ſame extent laid from the other 
term, the ſame way, will reach to the fourth term 
required. | | 8 e 


Thus to work the following proportion; as 
the ſine of 5 20 30 to the number 85, ſo is radius, 
or the ſine of 9oꝰ, to the fourth number re- 
quired. Set one foot of your compaſſes in the 
line of artificial fines on 52 30, and extend the 
other foot to o on that line, the ſame extent 
will reach from 85 on the line of numbers to 107, 
the fourth number required. And thus are all 

5 | queſtions - 
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queſtions in proportion work'd by the artificial 
lines of numbers, fines and tangents; as will be 
more fully ſeen in the following ſeftion. 0 


Obſerve, If the proportion to be taken is between 
two tangents, one pond, and the other leſs than 
45 degrees, it mutt be taken by two extents of the 
compaſſes, viz. from the one to 45 degrees, and 
from 45 degrees back tothe other ; and theſe added, 
the ſum is the extent from one to the other, 


— —— 
6 


* Of the manner of working Proportions on the Sector; 
both by the conjoint uſe of the Lines of Lines, 
with the Lines of natural Sines, Tangents, Fc. 
as alſo by the artificial Lines of Numbers, Siuss 
and Tangents. nm | 


_' Having already in treating of the reaſon, and 

eneral uſe of this inftrument, ſhewn the par- 
ticular uſe of the ſeveral lines of chords, fines, 
tangents, and ſecants laid down thereon, and how 
univerſal their application is thereby made, above 
what it is upon the plane ſcale: I now proceed 
to ſhew the conjoint uſe of the lines of lines, 
with the lines of natural ſings, and tangents, as 
they are laid down ſectorwiſe, and alſo the uſe 
of the artificial lines of numbers, ſines, and 
tangents,. in working propastions z which I ſhall 
exemplify in the reſolution of the ſeyeral caſes of 
plane Trigonometry, both right angled, and ob- 


4 * 


| The Seven Caſes of right-angled plane Triangles. 
20:4 $i 1 FE 


The angles, and one of the legs being given fo find 
| | the other leg. | ] 


. Suppoſe in the triangle ABC, the 
angle A is 36 degrees, the baſe AB 75.4 Fig. 15. 
feet, and it were required to find the 
height of the perpendicular BC. 


'The trigonometrical proportion for working this 
caſe; is as radius, to the tangent of the angle A, 
Jo is the leg AB, to the leg BC. 8 


To work which upon the ſectoral Lines. 


Take with your compaſſes on either line of 
tangents, the tangent of 360 degrees laterally from 
the center ; then open the ſector to make this 
extent a parallel between 45 and 45 on the lines 
of tangents; now take with y our compaſſes on the 
lines of lines, the parallel extent betwixt 75.4 and 
75-4 the length of the given leg, which extent 
applied laterally from the center on either line of 


lines, will reach to 54,8, for the length of the 


other leg; ſo that the perpendicular BC, is there- 
by found to be 54,8 feet. 


With the Beam-compaſs and ſectoral Liner, | 1 


Set the beam-compaſs by the ſcale of 30 or 40 in 
an inch, at any multiple of the given leg, not ex- 
ceeding the whole opened length of the 9g 
9 75 lines, 
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lines, and open the Qor to make it a parallel 
radius between 45 and 45 at the end of the lines 
of tangents ; then take the parallel extent between 
36 and 36 in the ſaid lines; and the compaſs ſcale 
will give the ſame multiple of the leg nee 
was s taken off the given leg. 


Upon the art! ificial Lines. : 


Set one "BR P; your compaſles on 45, or {the 
radius) at the end of the line of tangents, and ex- 
tend the other backwards to'36 ; the ſame extent 
vill reach on the line of numbers, from 75.4, the 
length of the given leg AB, to 54+ 8, the length of 
the required leg BC. 


© AS E II. 
The FER on one of the Legs 1 given, 7 ie fed 
ace Hypothenuſe. E 


* 


W in the former triangle, the bite AB, 2s 
before, 75, 4 feet, the angle A 36 degrees, and con- 
ſeq ur the angle C 54 degrees; it were N 
to find the length of he hypothenuſe AC.” 


Proportion. As the ſine of the angle C, to the 
radius ; ſo is the baſe, to the ae. x 


To work which upon the ſeftoral Line. 


Take with your compaſſes the whole length of 
either line of fines, for the radius or fine of 90 
degrees, (the quantity of the angle B) laterally 
from the center, and open the ſector to make this 
extent a n e 54 and 54 on the * of 
. _ UneS3. 


lines of lines, and the ſaid 


"os. 


fines z then take with your compaſſes on the lines 


of lines, the parallel diſtance betwixt 75,4 and 


75745 the length of the baſe, and this extent late- 
rally applied on either line of lines, will meaſure 
93923 the length of the hypothenuſe ſought. 


IVith the Beam- compaſs and fettoral Lines, 


Set the beam-compaſs by the ſcale of 30 in an 
inch, at 200 (or any multiple of 100) and open 
the ſector to make this extent a parallel between 
54 and 54 on the lines of fines ; then take the 
parallel extent between 75, . and 75, 4, in the 

cale will give the 
double (or other of the hypothenuſe re- 
quired, 


Lon the artificial Lines. EE! 


Set one foot of your compaſſes on 54 (ine fit | 
of the angle C) in the line of fines, and extend 


the other to 90 at the end; the ſame extent 


will reach on the line of numbers, from 75,4, 
the length of the baſe, to 93,2, the length of the 
m required. 


CASE III. 


The ee. and Angles being given, fo find 
either of the Legs. 5 TD 


Suppoſe in the foregoing triangle, the hypo- 


thenuſe AC 93,2, the angle A 36 degrees, and 
_ conſequently the angle C 54 degrees; and it were 


e to find the length of the baſe gat 


1 212 J 


Proportion. As radius tothe ſine of the angle C 
ſois 8 to the baſe. ang 8 


To work which upon the ſeftoral Lines. 


Set one foot of your compaſſes an the center, 
and extend the other laterally to 54 degrees on' 
either line of fines; then open the ſector to make 
this extent a parallel betwixt 90 and go on the 
lines of fines ; now take the parallel diſtance be- 
tween 93, a and 93,2, on the lines of lines, and 
this diſtance applied laterally from the center on 

either line of lines, Jill reach 75,4, for the length 
of the baſe required. | 0 


With the Ban- conpeſi and ſutoral Lines. 


Set the beam-compals by either ſcale at any 
multiple of the hypothenuſe, near the whole length 
of the opened ſectoral lines, and open the ſector to 
make it a parallel radius between 90 and go, at the 
end of the lines of ſines; then take the parallel 
extent between 54 and 54, in the ſaid lines, and 
the ſcale will give an equal multiple of the bale 


" required. - 


D Upon the artificial Lines. 


Set one foot of your compaſſes on go at the end 
of the line of fines, and extend the other backwards 
to 54, the ſine of the angle C; the ſame extent 
will reach on the line of numbers, from 93,2, the 
length of the hypothenuſe, backwards to 75,4, ths 
length of the baſe required,  _ - 


CASE 


T1: 
OALEWc: 

The Legs being given, to fol the d , 

In the foregoing triangle ſuppoſe the baſe AB, 


754 feet, the perpendicular BC 54, & feet, and it 
were required to find the quantities of the angles 


«1 


A and C. 7 
Proportion. As the leg AB to the leg BC; J 
ſa is radius, to the tangent of the angle at A: ö 


at 
Whoſe complement to a quadrant will be the 
angle at Ls x 3 - 


- 


To work which upon the ſectoral Lines, 


| Setting one foot of your compaſſes on the center, 
extend the other laterally on one of the lines of 
lines to 54,8, the length of the perpendicular BC 
then open the ſector to make this extent a parallel 
between 75,4 and 75,4, on the ſaid lines; the 
ſector being thus opened, take with your compaſles 
the parallel radius, or extent between 45 and 4s, 
on the lines of tangents ; then this extent taken 
laterally on either line of tangents, will pos 369, 
for the quantity of the angle A, and 36 ſubtracted 
from 90˙, will leave 54*, for the quantity of the 
angle C. 


re * 9 


Wi, 


# 


With the Beam-compaſs and ſeteral Lines, : © 


Set the beam-compaſs by either ſcale at any 
multiple of the greater leg, near the whole lengt 
of the opened ſectoral lines, and open the ſector to 
E WM make this extent a parallel radius between 45 and 

| e 455 
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45, at the end of the lines of tangents ; then ſet the 
 beam-compaſls to the ſame multiple of the leſſer 
leg, and this extent taken parallelwiſe on the ſaid 
lines, where the points will Teſt in like numbers, 
gives the leſſer angle, and its complemEnt is the 
greater angle. 


Upon the artificial Lines. 


Set one foot of your compaſſes on the line ok 


numbers, in 75,4, the length of the baſe, and 
extend the other backwards to 54,8, the length of 
the perpendicular ; the ſame extent will reach from 
45 (radius) at the end of the tangents, to 36 the 


tangent of the angle A; and alſo to 54 the tangent | 


of the angle C, if in the line of numbers, it had 
been taken forwards from 54,8 to 75,4 ; for (as 


* 


before obſerved) the tangents ſhould be number'd 


4 


increaſing backwards the ſame as forwards, _ 
CASEY: 
The Legs given, to find the Hypothenuſe. 


Suppoſe in the foregoing triangle, the baſe AB . 


is 75,4, and the perpendicular BC 54,8, it were 


required to find the length of the hypothenuſe 


A . | | | : ; 
To work this Caſe n the ſectoral Lines, 7 


Open the inſtrument to a right angle, (by Prob. 
the 18th on the uſes of the lines of lines ; ) then 


taking between your compaſſes, the ſlant extent: 
from 75, 4, in one of the ſaid lines of lines, to 54,8, 


in the other, apply the ſaid extent laterally from the 
| > um Center, 


— > i ˙ . w A W and A. as. oa. 


p 215 1 5 | 
center, on either of the ſaid lines, and you. wil gud 1 
9 3322 f for the length of the Se . | 


Upon the artificial Lines 4; 


Firſt, find the angles by caſe the ab, then a the | 
bypothenuſe, by caſe the ad. | 


CASE VI. 


The 2 and one of the Legs given, to be 
the Angles. | 


S in the foregoing 9 the hypo- 
thenuſe AC 5 „2, and the baſe AB 75,4% it were 
required to find the angles A and C. 


Proportion. As the hypothenuſe to the e baſe, ſo 
is racjus: to the line of the angle at C. 


7; work which 128 the ſeftaral Abs 


Setting one foot of your compaſſes i in the center, 
extend the other laterally on either line of lines to 
93,2, the length of the hypothenuſe AC; then 
open the ſector to make this extent a parallel radius 


betwixt 90 and go, on "the lines of fines ; ; again, e 


ſetting one foot of your compaſſes in the center, 
extend the other laterally omeither line of lines to 
75,4, the length of the baſe AB; this extent run 
parallelwiſe on the lines of ſines, till the feet reſt in 
like numbers, gives 54 degrees, the quantity of the 
angle C, oppoſite to the baſe, which being ſubtrac- 
ted from go, there will remain 36 recs, for the 

Cn... of the Age A.” | 


* 


With 


—9 
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*, 
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un the Bran-compoſ and ſefteral Lines ; : 
Set the beam-compaſs by either ſcale at any 


Multiple of the hypothenuſe, near the whole len 


of the opened ſectoral lines, and open the ſector 4 
make this extent a parallel radius between 90 and 


| wk at the end of the lines of fines; then ſet the 


-compaſs to the ſame multiple of the given leg, 


and this extent taken parallel wiſe on the ſaid lines, 
where the points reſt in like numbers, gives the 
oOppoſed angle, and .Its NO 6 is 3 the other | 


angle. 
"Thaw the artifiia Lines. | | 
Set one foot of 1 compaſſes upon the line of | 


numbers, in 93, 2, the length of the hypothenuſe, 
and extend the other backwards to 75, 4, che lengtn 


of the baſe; the ſame extent will reach from 90 
af the end of the line of fines, backwards to 54, 
the ſine of the angle C, and 54 ſubtracted from 
905 leaves 3⁰ for the angle A. 


ASE . 5 


| 288 22 and one of the Legi, being giuen, 


to find the er Leg. 


Suppoſe in the 1 triangle the hypo- 
thenuſe AC 93, 2, the baſe AB 7 5:4, and it it were 


require to — the perpendicular BC. 


Te work this caſe upon the ſectoral Lines. | 
the ſector to a right angle, by Prob. the 


Sth, on * uſes of the lines of lines then ſetting 


one 


———— Cc OR 


_ 


tC 


vne foot of your compaſſes in the center, extend the 
other laterally on either line of lines, to 93,2, the _ 
length of the hypothenuſe AC; wir this extent. 
ſetting one foot in 75,4, the length of the baſe AKB, 
on one line, the other foot will cut the other line 
in 54:8, the W of the a BY re- 
quired. | 0 


"a the artifial Pa 


- Firſt, find the angles, by Caſe the VIth ; then 
to find the length of the eral, ſet one 
foot of your compaſſes on go at the end of the line 
of ſines, and extend the other backwards to 36, 
the ſine of the angle A; the ſame extent Will 

£ reach on the line of numbers from 93, 2, the length 
ol the hypothenuſe, backwards to 548, l 5 
of, the PEPIN requires. 


1 


780 The Six Cafe of eblique-angled ple 7 Hogs. 


CAS E Il. 


| Two fans and an angle oppoſite ta ane of 5 Spe tein 
&fven, to find the other ehe ee ne 4 


e . 
= 


: Suppoſe | in the triangle ABC, the ide 
AC es leagues, the ſide BC 54,1 leagues, Pie 16 

and the angle A oppoſite to the fide BC 

2 305 e the e of the ang B. 


Properties. a the fide 3 to the . 
angle, to the ſine of the go angle, fo is the ſide 


oppoſite to the 25 ought to the ſine of the 


angle requin 2 
18 Tn II. f o | . ; & 5 3 . | To 
ne | | | = 


1 
To work which upon the ſeftoral Lines. 


Setting one foot of your campaſſes on the center, 
extend the other laterally on either line of lines to 
54,1, the length of the fide BC; then open the 
ſector to make this extent a parallel betwixt 3530, 
and 35 30 on the lines of fines; again, ſetting. 
one foot of your compaſles in the center, extend 
the other laterally on either line of lines to 65, the 
length of the fide AC ; this extent run parallelwiſe 
on the lines of fines, till the feet reſt in like num- 
bers, gives 44® 15 nearly; for the quantity of the 
angle B, oppoſite to the ſide AC. | 


If you would know the quantity of the remainin 
angle C, ſubtract the ſum of the angles A and 
from 180 degrees (the ſum of the three angles of 
every triangle) and the remainder 100% 15, ſhall 
be the quantity of the angle CG. | 


4 
* 


Miib the Beam-compaſs and ſectoral Lines. 


Set the beam- compaſs to any multiple of the ſide 
oppoſed to the given angle, not exceeding the 
greateſt parallel between 35 30 and 35* 30, on 
the lines of ſines, and open the ſector to make the 
ſaid parallel fit thereto ; then ſet the beam-compaſs 
to the ſame multiple of the other given ſide, and 
this extent taken parallelwiſe on the ſaid lines, 
where the points will reſt in like numbers, gives 
the angle required. 


7 


Upon 


t 219. © . 
Upon the artificial Lines, 


Set one foot of your compalics on the line of 
numbers in 541, the length of the fide BC, oppo- 
 fite to the given angle A, and exterid the other 

to 65, the length of the fide AC; the ſame ex- 

tent will reach on the line of ſines, from 35 30, 
the given angle A, to 44% 1 5 » the quantity of the 
"ND angle B. 


1 Ga 


1 . and one fide being given, to find 4. 
of the other ſides. 


Sele in the foregoing triangle, the ſide BC 

as before, being 5441 leagues, the angle A 352 39's 
the angle B 44 15', and the angle C 100? 15 „re- 

i N the ſides AB and AC, = 


| Proportion. As "the fine of the angle 1 
to the given ſide, to the ſide given; ſo is the ſine 
of the angle N to the e required 55, to the 

ide * 


N. B. When an obtuſe angle is given, you muſt 
work by it's complement to 180 degrees, * Is 
commonly called it's ſupplement. 


To work this oi upon the ſectoral lines. 


Setting one foot of your compaſſes on the center, 
extend the other laterally on either line of lines to 
545 r, the length of the 8 lide C; then open 

2 the 
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the ſeclor to make this extent a parallel between 


352 O, (the angle A) and 35* 30“ on the lines of 


tines; the ſector being thus opened, take with your 


compaſſes the parallel diſtance between 44 15, 
(the angle B) and 44 15 on the lines of fines, 
and applying the ſaid diſtance laterally on either 
line of lines, it will give 65, for the length of the 
ſide AC. So likewiſe the parallel diſtance between 
79 45', (the ſupplement. of the angle C) and 79% 
45 on the lines of fines, will, when applied laterally - 
on either line of lines, give 91,7, for the length of 
the fide Ka. 8 


8 DIA < 4 55 
< Wt "Wax" 2 


Set the beam- compaſs to 20 multiple of the 
given ſide, not exceedigg the greateſt parallel be- 
tween 35? 30“ and 35 30 on the lines of fines, 
and open the ſector to make the ſaid parallel fit 


thereto ; then take the parallel extent between the 
numbers of either of the other angles, on the ſaid 


lines, and the ſcale will give the ſame multiple of 
the ſide oppoſed to the angle taken. Py 


99 
12 


Dpon the artificial Lines. 


Set one foot of your compaſſes on the lines of 
ſines in 35 300, the quantity of the angle A, op- 
polite to the given ſide BC, and extend the other. 
to 44 15, the quantity of the angle B; the 
ſame extent will reach on the line of numbers 
from 54,1, the length of the given ſide BC, to 65, 


the length of the required fide AC, Or, ſetting 


the ficſt foot (as before) in 35* 30“ on the ſines, 
2 e extend 


R -!! 
3 


| ea the other to 790 45 5 (the comp 


5 


by 221 1 


ent of 5 
100% 15 to 180% the ſame extent will reach on 
the line of numbers, from 5421 to 9057 the length 

of the * ſide AB. f 


8 Sk 
Ec. 


CASE III. 


Two þ te aud. an angle oppoſi te to one 7 them big 0 
> given, to find the other fide, 


Suppoſe in the ag triangle, we ſide AC 
65 leagues, the ſide BC 54,1 cagues, and the 
angle A oppoſite to the ſide BC 35* 30 ) It were 
required to find the fide AB. | 


To work this caſe either upon the ſeeural or 
artificial Lines. 


I. Find the angles, by Caſe the fiſt, + 
3, The de, by Caſe the ſecond. 


Two fas, and the a 0 2 giver, 
to find the other two pe ite angles, „and the 
other fide. | 


Suppoſe i in the foregoing triangle, the file AC 
as before, 65 leagues, the ſide AB 913 / 185 2065 
and the contained angle A 355 . i: wers yew * 
quired to find the other 5 angles E and , 


with the ſide . 
L3 


” 222 FF. 


The: proportion for finding the angles in this 
caſe is as follows, viz. As the ſum of the two 
ſides AC and AB, to their difference, ſo is the 
_— of half the ſum of the angles B and ©, 
viz. 72 15', to the tangent bf half their diffe- 
rence ; ; W added to their half ſum, gives the 
greater angle Cc but ſubtracted from the ſaid 
half ſum, leaves the leſſer angle B. 75 


N. B. The ſum of the angles B and c, i is 
| found by ſubtracting the given angle A, vi. 
"_F* 30 from 1800. 


To work theſe Caſes upon the ſectoral Lines, 
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Theſe two caſes are taken together, becauſe 
upon the ſectoral lines it is moſt convenient to find 
the length of the third fide, before the angles. To 
find therefore the length of the ſide BC, take the 
quantity of the given angle A 35 30, laterally on 
one of the lines of chords, and open the ſector to 
make this extent a parallel betwixt 60 and 60, on 
the ſaid lines; with the ſector thus opened, ſet one 
foot of your compaſſes in 91,7 (the length of the 
ſide AB) on one of the lines of lines, and extend 
the other to 65 (the length of the other given 
ſide AC) on — other line of lines; this extent 
meaſured laterally from the center, on either line 
of lines, will give 54,1, for the length of the 
required ſide BC: Then may the quantity of 
either of the required angles be found by caſe the 
firſt, which added to the given angle, and the ſum 
ſubtracted from 180, the remainder will be the 

uantity of the other angle. 
ith 


i 


Ul 
1 


| With the Beam-compaſs and ſectoral Li nes. 


Set the beam compaſs to the ſum of the two. 
given ſides, or any multiple thereof, not exceeding 
the greateſt parallel between the, numbers of the 
half ſum of the two oppolite angles, on the lines 
of tangents ; then fet the beam-compaſs to the dif- 
ference of the two given ſides, ot the like multiple 
thereof ; and this extent taken parallelwiſe onthe 


ſaid lines, where the points reſt in like numbers, 
gives the half difference of the two oppoſite angles, 


but if the line of quarter-tangents was taken with 
the line of the two ſides, then multiply the differ- 
ence of the ſaid two ſides, or it's multiple by four, 
and the half difference of the two angles will be 
given on the lines of the larger tangents. 


Upon the artificial Lines. 


„Firſt, to find the angles. Set one foot of your 


compaſſes upon the line of numbers in 156, 7 (the 


ſum of the ſides AB and AC) and extend the ED 


other backwards to 26,7 (the difference of the 
ſides ; ) this extent divided into two parts, one that 


will reach on the line of tangents from 72 151 


(half the ſum of the angles B and C) to 45, the 
other part will reach from 455 back to 28, which 
added to 7215 gives 100? 15 for the greater 
angle C; and ſubtracted from 72015, leaves 449 
155 for the leſſer angle B. The angles Ta Sn. 


the ſide BC may be obtained by caſe 2. 


-” 


( 224 ] 
0 A 8 E VI. : | 
The three fades being given, to find be Angler 


Suppoſe in the foregoing triangle FR ſide AB 
91,7 leagues, the fide AC 65 leagues, the fide 
BC 54,1 leagues, and it were required to find the 
N angles. 


Wh dos mh a the ſeftoral Lines, 


Firſt, to find the angle A; the two ſides which 
include it, are AB;q#57 and AC 65; take the 
extent of the third fide BC 54,1 between your 
compaſſes, laterally on either line of lines; then 
ſet one foot in 91, 7 on one of the ſaid lines, and 
open the ſector till the other foot falls on 65, in 
the other line of lines; the ſector thus opened, take 
with your compaſſes, the parallel radius, viz. the 
extent betwixt 60 and 60 on the lines of chords; 
this extent meaſured laterally on either line of 
chords, will give the quantity of the angle A, vis. 

5 30'. The angle B may either be found by the 
ſame method, from the three given ſides, or by 
the help of the diſcover d angle A, according to 
the method laid down in Caſe 1. 


The two angles A and B thus found, ſubtraRt 
their ſum from 180%, the remainder will de the 
Fr of the third * G. 


With 


* 
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| With the Beam -compaſs and ſectoral Lines. 
—_—C | * ; : & 2 _—_ E 4 


Set the beam-compaſs by its ſcale, either tothe 


| baſe, or the ſum of the two leſs ſides, and open 


the ſector to make the extent a parallel between the 
numbers of the ſum of the two fe ſides, or of the 
baſe, on the lines of lines; then ſet the beam- 
compaſs to any multiple of the difference of the faid 
two ſides, by the ſame ſcale, or to the parallel ex- 
tent between the nnmbers thereof on the ſaid lines, 


and this extents will on the ſaid lines, where the 


points reſt in like numbers, or on the ſaid compaſs 
ſcale, give the ſame multiple of the difference of the 
ſegments of the baſe, but in proportion to the ſum 
of the ſaid two ſides. In this example, ſetting the. 
beatn-compalſs to 238.2=2X119.1, I open the 


ſector, and make it a parallel between -n; 
91.7 in the lines of lines, now I take the paralleh4-> 
extent between 87.2 (=8 x 10.9) and 87.2 inthe” 


4 p 


ſaid lines, and the. compaſs ſcale gives 226.5 = 
16 X 14.156 X. „ 


N 55 5 Upon the artificial Liner. 
OE on £7 3 


To work this caſe upon the. artificial lines : 


Firſt, divide the baſe, or longeſt fide AB, into 


two ſegments, by a perpendicular let fall from the 
oppoſite angle C; the value of which ſegments. 


are difcoverable by the following proportion, viz. 
As the true baſe to the ſum of the other two ſides, 
ſo is the difference of the ſaid two ſides to the 
diffexence of the ſezments of the bafe : Which 
difference added to the true baſe, will "_ vi 

7 | ouble 


"£ 988. 1 


double of the greater ſegment; but ſubtrated, 
will-leave the double of the leſſer ſegment. 


| Set therefore one foot of your compaſſes on the- 


line of numbers in 91,7, the length of the true baſe, 


and extend the other to 119,1, the ſum of the two 
other ſides; the ſame extent will reach on the 
ſame line, from 1049 the difference of the ſides, to 
14,157, the difference of the ſegments of the - 
baſe ; which difference 14,157 added to the true 
baſe 91,7 gives 105,857, the double of the greater 
| ſegment; but ſubtracted, leaves 77, 543, the double 
of the leſſer ſegment. — EY 


The triangle therefore being divided into two. 
rectangled triangles, by the perpendicular, and 
the ſegments of the baſe thus found, the angles 
may be obtained by caſe the 6th of rectangled 
plain triangles, a | 

I have now, I preſume, ſufficiently exemplified 
the uſes of the ſeveral lines laid down upon the 
modern ſectors, tho' beſides what I have men- 
tioned, they are capable of various applications, 
in menſuration, architecture, dialling, aſtronomy, 
Sc. But as ſormerly other lines uſed to be put 
upon them, and ſtill the French ſectors are fur- 
niſhed with lines of fuperficies and. ſolids, &c. and 
my Author too having in his Practical Geometry, 
treated of theſe two lines, which I there omitted, 
with reference to this appendix ; I ſhall here, from 
him, give the manner of their projection and 
application, f : 


ProjeFtion | 


on 


4 


| 5 227 5 „ 
: Projettion of the lines of \fuper fictes. | 5 3 
Let the lines AE AE re preteut the lines of u- 


perficies, to divide which, K ſcale of 1000 
equal parts of the fame length as the 


intended lines, take therefrom 125 parts Fig. 17. 
equal 4 of 1000, which ſet off from . 
the center A, as the firſt diviſion upon each; 250 


parts equal + of 1000 ſet off from A, will be the 
fourth diviſion ; ; the mean proportion between 28 :- + 
and 250, will be the number of parts marking the - 


ſecond diviſion z the 3 125 and 250 equal 375 
parts, taken from the ſcale, and ſet off from the 


center A, will reach to the ninth diviſion ; the third 
| diviſion will be the mean proportion between LES. - 
and 375: again 625 parts will give the 25th divi-. 


ſion; and the mean proportion between 125 and 
625, will be the fifth diviſion, Cc. laſtly, 1000 
parts will be the 64th diviſion : All which is plain 


from the conſideration, that ſimilar ſurfaces are in 


a duplicate ratio of their homologous lides, 


Uſe of the Line of e, 


Taking between the points of your cw 
the radius of a circle, or the fide of any plane figure, 
and ſetting it as a parallel betwixt 1 and 1, the 


firſt diviſion from the center; ſo ſhall the parallel 


extent betwixt 2 and 2, give you the radius of a 


circle, or fide of a figure of a double area; and 5 
betwixt 3 and 3 triple, Sc, ES 5 


* This ſuppoſes the whole eure. 
N ta 5 as in the figure. | 
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Z "Ta + 2 28 L | G oy i I 
| In the 938 manner may be ſound circles, and 
1 other Oe figures fubdouble, ſubtriple, & c. 42 
| . | Prajictim of the 25 of folds, | : . = 


"Heh the lines AF AF repreſent the Lines of os 4 
lids: From the ſaid ſcale of 1000. equal parts, 
ſet off from the centre A 2 50, for the firſt divis 1 
ſion, and 500 for the Sth ; then finding two mean 
proportionals betwixt 250 and 500, the firſt will. 

ve you the ſecond diviſion; and the ſecond s 43 
ge To find this firſt mean proportional, ſub- 
tract the logarithm of 2 50˙from the logarithm of 

500, and adding the + of what remains to the 
ogarithm of 250, you will get the logarithm ob 
the firſt mean proportional, which will be nearly. I 
| 315; and if you add again the fame 3 to the 

ſjogarithm of 315, you will have the logarithm of 
the ſecond mean proportional. For the third and 
| ninth diviſions, take two mean proportionals between 

250, and the triple thereof, 750; and fer the Sf 

and 25th diviſions, take two mean e f 

between 250 and 1250, five times 250, S 

Laſtly, the whole ooo e PRIN” eat 17 e 

04th. diviſion. „ ö 3 1 4 


2 of the Line of lids 958 1 + Y 


Set over the ſide of any "hats, as a 3 be. 
twixt 1 and 1, the firſt vin on the lines of 
1 ſolids; and the parallel extent betwixt 2 and. 2g 
10 ſhall give the homologous ſide of a ſimilar body, 
1 Hal ſolid content ſhall be double; and ſo me 
| | ſeveral other diviſions will accordingly give ſides 


of bodies triple, quadruple, &c. or A 
ſub- triple, ſub . Sc. | 
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